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RAREFIED GAS DYNAMICS 
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: 


1. INTRODUCTION 


4REFIED gas dynamics is concerned with flows at such 
density that the molecular mean free path is not 
Under these conditions the gas no longer 
as a continuum. Important modifications in aerody- 
and heatetransfer characteristics occur which are as- 
ble to the basic molecular structure of the gas. 
ORATION [nis 
vestigations 





low 
negligible. 
DFFICE OF MN sch ave 


branch of gas dynamics has been the subject of many 
since the time of Maxwell (1). Most of the 
studies were related to very low-speed flows, and usu- 


to ‘internal’? geometries—pipes, ducts, orifices and the 
e—in connection with vacuum problems. The results of 
sical research are to be found in the standard kinetic 

ry texts, e.g., Loeb (2) and Kennard (3). 
er, a revival of interest in the field has occurred cue to 
cations to very high-altitude, high-speed flight. 
of the field and a definition of significant parameters 


More recently, 
4 general 


presented by Tsien (4), following which a considerable 
er of experimental and theoretical investigations have 
arried out. 

convenient to subdivide rarefied gas dynamics into 


lifferent flow regimes. These are called ‘‘free molecule 
t 


t 


transition flow,’’ and ‘“‘slip flow,’’ corresponding, 
tively, to extremely rarefied, moderately rarefied, and 
lightly rarefied gas flows. This subdivision is desir- 
ecause the three flow regimes exhibit quite different 
mena and the basic theoretical approaches are entirely 
‘ferent. Since ‘‘rarefied’’ is a relative term, the demarka- 
t these three subdivisions is not characterized by abso- 
ressure or gas density levels, but rather in terms of the 
f the mean free path A to some dimension L characteris- 
»WIn ft tf the flow field. The ratio A/L is called the Knudsen 
rs fumber, K, Free molecule flow corresponds to very large 
‘sen number, K >10; slip flow corresponds to Knudsen 
re numbers in the range 0.01 < K <0.1; while the transition re- 
lies in between, with 0.10<K < 10. These values are, 
urse, arbitrary. Phenomena do not change abruptly. 
vever, they seem to correspond pretty well with present 
erimental evidence. 
mean free path, the sound speed a, and the kinematic 
v are related by vy ~ Aa. Hence the Knudsen number 


expressible in terms of the two basic parameters of ordi- 


mber A OsIgt% 


ontinuum gas dynamics, namely the Mach number M = V/a 

‘nc the Reynolds number Re = VL/v, where V is the reference 

velocity. This relation is K ~ M/Re, which is basic for 
‘'Scussion of rarefied gas dynamics. 
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2. FREE MOLECULE FLOW 


This is the extremely rarefied flow regime corresponding 
generally to flight above 100-miles altitude. The mean free 
path is many times the characteristic dimension of the flow 
field—e.g., the diameter of a duct, or the length of a high- 
altitude rocket. It follows that molecules which impinge on a 
surface and are then reemitted, travel far away from the sur 
face before colliding with another molecule. For the aero- 
dynamic case the incident flow is thus not disturbed by the 
presence of the aerodynamic body. For many applications it 
is valid to assume that the distribution of velocities for the 
incident molecules is Maxwellian with a superimposed mean 
velocity with respect to the body. The flux of mass, momen- 
tum, and energy incident on a typical surface element of the 
body may thus be calculated in an unambiguous and straight- 
forward manner. 

For the complete determination of aerodynamic and heat- 
transfer characteristics it is then necessary only to know the 
distribution of velocities for the reemitted molecules. This, 
however, is a very difficult matter and, except for molecular 
beam scattering studies (5), still largely unexplored. There 
is considerable indirect evidence, however, indicating that 
for air in contact with typical engineering surfaces such as 
glass, steel, or aluminum, the reemitted molecules are nearly 
in Maxwellian equilibrium with the surface at its temperature. 
is called ‘‘diffuse’’ although it clearly im- 


Such reemission 


plies much more than spatial randomness. It is possible to 
characterize the actual reemission, not in detail, but rather in 
terms of over-all average deviations from diffuse reflection. 
This is done in terms of several ‘‘accommodation coefficients”’ 
for the transport of momentum and energy. For example, the 


thermal accommodation coefficient 4is defined by 


where /; and FE, are the actual incident and reemitted energy 
fluxes, and F,, is the energy flux for the corresponding dif- 
Similar coefficients uv and o% are defined for the 


fuse case. 


exchange of tangential and normal momentum. Fmpirical de- 
terminations of these quantities have been made for air (and 
The 
complete prediction of all aerodynamic and heat-transfer char- 


other gases) and a wide range of surface materials (0,7). 


acteristics can thus be carried out, and will involve the inci- 
dent flow, the body temperature, and the three empirical ac- 
commodation coefficients. 








{s is to be expected from the foregoing, the force on a body 


in general denends on its temperature. At very high speeds, 


the pressure forces due to the incident flow correspond to the 
approximation of hypersonic theory (5). ut the 


olecules, 


Newtonian 


reemitted n as well as the absorption of tangential 


momentur have a come arable effect. The over-all force ona 


body may be as much as twice as high for a surface which 1s 


in thermal equilibrium with the incident flow—and thus very 
hot—as for a body which is at ambient temperature. 

One of the most striking results of free-molecule-flow theory 
is that the equilibrium temperature of any convex body is 
the adiabatic 


hivher than Stagnation temperature of the gas 


flow. This ts because, in the absence of intermolecular col- 
lisions, many more of the molecules with high velocity relative 
to the body surface are able to strike it per unit time as com- 
pared with slower moving molecules, than there are a corre- 


onding number of high-velocity molecules per unit volume. 
h possibility of higher-than-stagnation temperatures for 
ery high altitude vehicles due to this free-molecule-flow 


of great importance in some cases. 


the | 


yhenomenon may be 


I he 


outlined have been carried out for a vreat number of spec if ic 


calculations based on theoretical approach just 


instances and confirmed experimentally over a considerable 


range of Mach and Knudsen numbers for both heat transfer and 


forces by Stalder et al., (9,10,11) and others. Theoretical exe 


tensions have also been made to the case of very high tem- 


for which surface dissociation can occur (12), and 


lhe 


latter case includes the prediction of a force on a body in the 


peratures 


to the case of a non-Maxwellian incident flow (13,14). 


presence ot a temperature pradient—even though the gas 1s 


macroscopically at rest with no pressure gradient. This ts 


} ee 


} . 2 ’, 
known as the “‘radiometer’’ force. 


3. SLIP FLOW. 
This 1s 


keener illy 


rarefied flow regime corresponding 
20-50 


thes] ightly 


to flight at altitudes of miles. tlere non- 


continuum effects are just beginning to occur and can be thought 


of in terms of corrections to continuum relations. In the slip- 


flow regime, the charactertstic dimension of the flow field ts 


often the boundary-layer thickness 6, rather than a length L 
the Smee 0/L.~ I (Re)?, it 
significant Knudsen number, A/O, is related 
1 DY kK A 


Ml (Re) 2, 
while K =A/L ~ 


characteristic of body itself. 
follows that 


to the 


the 


Mach and Reynolds number o~ 


This relation is customarily used for Re > 1 
Vf Re 

The slip-flow regime 
of "ehin.** 


a nonvanishing tangential velocity along a solid surface. 


, 
is used for Re . 
takes its name from the phenomenon 


according to which a gas at low pressures can 


have 


This is because the molecules next to the surface are come 


of roughly half those which originated on the average 
finite 


posed 


a distance A away from the surface (and thus have a 


velocity relative to the surface) and the other half those which 


are reemitted from the surface (which have average tangential 


velocity zero for the case of diffuse reflection). A boundary 


condition results in the form u ~ Adu/dy, where the factor of 


proportionality depends on the tangential momentum accommo- 


lation coefficient. At normal pressures, A~ O, so that u ~ O, 


and the usual continuum no-slip boundary condition obtains, 
lhere is a corresponding temperature jump phenomenon de- 
scribed by the relation ¢,,.— Tl surface ~ AdI/dy. These 


are definite non-continuum phenomena. [hey are boundary 


conditions, and they have the effect, by themselves, of reduc- 
ing skin friction and heat transfer. They have been well con- 
firmed, at least for low-speed flows. 

lhe situation with respect to the basic flow equations them- 
elves 1s, however, not quite so well established for the slip- 
flow regime. Until fairly recently it had been thought that 
some such modification of the Navier-Stokes equations as that 
fort durnete (15), Grad (16), or Koga (17 


mulated by ) would 
ipply. All of these are approximations based on the Maxwell- 
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Roltzmann equation (2,3) of fundamental kinetic theory, y), 
contain the Navier-Stokes equations as a special Caud 






































































sufficiently small A. Further theoretical (18,19) and ep, ow 
mental (20,21) work now seems to indicate that none of thee te 
‘‘improvements’’ have general validity, and, in fact, ee ire, 
actually inferior to the Navier-Stokes equations them sired 10S 
Most present theoretical developments in slip flow are 4 00d 
not being based on the slip and temperature jump Downie sed. 
conditions, but on the Navier-Stokes equations (including ing th 
course, a non-zero bulk viscosity term for the case 
(22)). The objectives of such theoretical developments aa 
predict the initial departure from continuum gas dynam; a 
tions. It is not to be expected that results will be app ‘cab empif 
to the transition flow regime—much less the free m al regia 
flow regime. It is, in fact, very doubtful if any general the. ‘ 
—apart from the complete Maxwell-Boltzmann equation jt. xpet 
—can be developed for the entire range of conditions ¢ “an n 
by rarefied gas dynamics. M 
From the basic relations K ~ M/Re or K ~ M/(Re ya, 
lows that slip flows are flows of small Ke (and consequer) tne 


large viscous effects), or large M (and consequent; 
They are thus also! 


effects (23) of cm 


compressibility effects), or both. 


in which the so-called ‘‘interaction’’ 


pletely continuum flow are present. Since these effec: 
crease skin friction and heat transfer, it has been very dif 
to separate out non-continuum from continuum effects. 

4 further difficulty has been the fact that the most czej . 
theoretical (24,25,26) and experimental (27,28) work has ie 
carried out for cones and flat plates in supersonic flow 


tor these the first-order effect of slip can easily be sho 


be zero. ’ 

\ considerable body of empirical data has been obta 
relating to the aerodynamic and heate-transfer characteris 
of a variety of geometrical configurations in slip and tran 
flow (27-37). From these results it seems that, in gens F 
interaction effects are initially more important, but 
to slip and temperature jump effects at lower densities. 

4, RESEARCH FACILITIES 

[The development of supersonic wind tunnels, mole 
beams, and other research facilities for exploring the ra: 
gas dynamics field has posed many new problems. Three 
wind tunnels are now in operation—at Ames L aborator 
NACA, at Berkeley, and at Toronto. All use once-throu:* 
type tunnels, driven by large vacuum pumping units, 1 
expand air from a stagnation pressure of the order of a fes 
Hig to the order of 0.05-0.50 mm Hg at the test section. | 
convergent-divergent nozzles to produce the supersonik 
are axially symmetric so as to enable a uniform correction‘ 
the thick boundary layers occurring at the low Reynolds 
bers of the tests. Impact and static pressure probé¢ 
large response times—particularly when they are small— 
also must be corrected for viscous effects. Impact pressut 
for example, are usually higher than the ideal values givet 
the Rayleigh formula. 

Several new types of instruments have had to be develo 
Wind-tunnel test-section densities are too lew to enable 
of-refraction techniques of flow visualization, such as 
ren, shadowgraph, or interferometer, to be workable. Howe' 
the emitssive and absorptive characteristics of air and ot 
gases have been successfully utilized to obtain photogral 
data depicting shock waves, boundary layers, wakes, anc! 
like. Air, nitrogen, argon, helium, and cther test gases 
be electrically excited into a light-emitting ‘‘afterglow”’ 
permitting direct observation and photography of the 
density flow fields. The absorption of ultra-violet light 
oxygen permits another type of photographic record of 
density variations. A similar technique based on the scatt* 
ing of an electron beam is also being developed. Another °° Ic 





wind-tunnel instrument, known as the ‘‘free molecule prod 









leory, Whe 


ial cag . also been developed. The dependence in free molecule 
and ai ow of equilibrium body temperature to local Mach number, 
ONE of rh. ved above, forms the basis of this instrument. A very small 
fact «. -e, with diameter less than the mean free path, is stretched 


oss the test section and used as a thermometer, giving a 


them selyed 
lication of the Mach number variation as it is trav- 


WwW afe vr nod 
WP dow? «ed. Such an instrument was used by Sherman (20) in prob- 
Acludin, -.. the detailed structure of a shock wave. 
Aug ters 
Case 


eat 4 5. CURRENT AND FUTURE PROBLEMS 
PNtS ate » 
Namic te asiderable effort is being made to extend the range of 


data—particularly in the slip and transition flow 


app icat empiric 
e mole regimes. 
eral the , very great advance will be made when the theoretical and 


‘imental separation of slip flow and interaction phenome- 


ation sll xpe 
NS Covenffii/& oon has been achieved. 

ore needs to be known about the flow field in the immedi- 
e)'2, vicinity of the leading edge of very sharp bodies. Does 
nseqy: th ident flow strike the body almost undisturbed and slip 
ently 
also | 6. REFE 
3) OF com 
- | Maxwell, J. C., The scientific papers of James Clerk Maxwell, 
eftect ridge Univ. Press, 1890: (1) On the dynamical theory of gases, 
ry dif 


u ; (it) On the stresses in rarefied gases arising trom inequali- 
55 es of temperature, 2, p. 681. 


along the surface for a few mean free paths, or does the bound- 
ary layer pile up the fluid ahead of even a sharp leading edge 
so that the flow is quite slow when it finally reaches the 
surface? For very high Mach numbers these two extremes can 
have very widely different results far downstream from the 
leading edge region itself. 

Most rarefied gas dynamics research has been confined to 
relatively low temperatures, In the next few years it will be 
necessary to extend both experimental and 
siderations to very high temperatures, both 
molecule-surface interaction and to 
effects in the gas flow. Since there are fewer intermolecular 
collisions in a low-density gas flow than in a corresponding 
high-density flow, the effects of lags in the adjustment to 
thermodynamic equilibrium become much more important. It is 
also to be expected that high-altitude applications will re- 
quire knowledge of the aerodynamic characteristics of par- 
tially ionized gases. Such considerations open up a whole 
new area of theoretical and experimental problems. 


theoretical con- 


with respect to 
other 


dissociation and 


RENCES 


20 Sherman, F. S., A low density wind tunnel study of shock wave 
structure and relaxation phenomena in gases, NACA TN 3298, 1955; 
AMR 9, Rev. 2342. 


21 Greenspan, M., J. acoust. Soc. Amer. 26, p. 70, 1954. 





St Carehl 2) Loeb, L. B., Kinetic theory of gases, 2nd ed., McGraw-Hill 22 Rosennead, L., et al, A discussion on the first and second 

ae k Co., fac., New York, 1934. viscosity of fluids, Proc. 70 y. Soc. Lond. 226, 1-65, 1954. 

+Kennard, E. H., Kinetic theory of gases, McGraw-Hill Book 23 Lees, L., and Probstein, R. F., Hypersonic viscous flow over 

flow ., New York, 1938. a flat plate, Princeton Aero Engng. Dept. Rept. 195, 1952. 

shox: ien, H. S., J. aero. Sci. 13, p. 653, 1946. 24 Mirels, H., Estimate of slip effect on compressible laminar 
) jurlbut, F. C., An experimental molecular beam investigation boundary layer skin friction, NACA TN 2609, 1952; AMR 5, Rev. 

jules ' ittering of molecules from surtaces, Ph. D. Thesis, Univ. 2889. 

i Berkeley, 1954, 25 Maslen, S. A., Second approximation to laminar boundary layer 
cteris: Wiedmann, M. L., Trans. ASME 68, p. 57, 1946. flow on flat plate in slip flow, NACA TN 2818, 1952; AMR 6, Kev. 
CFansstiog Millikan, R. he, Phys. Rev. Zi p- fA, toes 1 342. 

) ger inger, G., Williams, E. P., Young, G. B. W., J. aero. Sci. 26 Lin, T. C., and Schaaf, S. A., The effect of slip on flow near a 
: (1, 1950. Stagnation point and in a boundary layer, NACA TN 2568, 1951; 
er, J. R., and Jukoft, D., Heat transfer to bodies travel- AMR 3, Rev. 2433. 
speeds in the upper atmosphere, NACA Rep. 944, 1949; 27 Schaaf, S. A., and Sherman, F. S., J. aerm. Sct. 21, p. 85, 1954. 
1, Rev. 805. 28 Ipsen, D. C., Cone drag in a rarefied gas flow, Univ. Calit., 
ilder, J. R., Goodwin, G., and Creager, M. O., A comparison Ph. D.. Thesis, 1953. 
ry and experiment for high-speed free molecule flow, NACA 29 Drake, R. M., and Maslach, G. J., Heat transfer from right cir 
rolecy!2 i4, 1950: AMR 5, Kev. 2168. cular cones to a rarefied gas in supersonic tlow, Unrv. Cali}, Inst 
> rare Uder, J. R., and Zurick, V. J., Theoretical aerodynamic [ngne. Res. Red. HE-150-91, 1952. 
iret q tics of bodies in a free molecule flow field, NACA TN 30) Stalder, J. R., Goodwin, G., and Creager, M. 0., Heat transter 
l; AMK 4, Rev. 4613. to bodies in a high speed rarefied gas stream, NACA TN 2438, 1951; 
— er, E., Schweiz. Arch, 16, p. 43, 1950. AMR 5, Rev. 819. 
“throu: I, S., and Schaaf, S. A., J. Amer. Rocket Soc. 23, p. 314, 31 Kane, FE. D., J. aero. Sct. IR, p. 259, 1951; AMR 4, Rev. 4286. 
s 7 MR 7, Rev. 2979. 32 Drake, R. M., and Backer, G. H., Trans. ASME 74, 1952; AMI 
» fey ll, S., and Schaaf, S. A., Jet Propulsion 25, p. 168, 195‘ 6, Rev. 984. 
Rev. 1256. 33 Kavanau, L. L., Trans. ASME 77, 1955. 
On. 16 Burnett, D., Proc. Lond. math, Soc. 40, p. 382, 1935. 34 Talbot, L., Viscosity corrections to cone probes in rarefie 
mic i id, H., Comm. pure appl. Math, 2, p. 331, 1949; AMR 3, Rev. supersonic flow at nominal Mach number of 4, NACA TN 3219, N 
cto 1954; AMR 9, Rev. 2271. 
4 a, T., J. chem. Phys. 22, 1633-1646, 1954; AMR 8, Rev. 35 Kavanau, L. L., J. aero. Sci. Zl, p. 257, 1954; AMR 8, R 
1062. 
Chany, C. S., and Uhlenbeck, G. E., The heat transport 36 Kavanau, L. L., J. aero Sci. 23, 193-208, 1956. 
ce two parallel plates as functions of the Knudsen number, 37 Kavanau, L. L., Trans. ASME 77, 617-623, July 1955; AMR 8, 
ch, Engng. Res. Inst. Rep. M999, 1953. Revs. 813, 3913. 
Ve! lkenberry, E., and Truesdell, C., J. rational Mech, Analysis 5, 
' 
‘Letters to the Editor’’ and ''Books Received for Review'’ nou appear after the reviews 
we 
gra 
mae Theoretical and Experimental Methods abscissas by conditions of the sign in a table of successive 
es caf ifferences. 
” sta ee also Revs. 3173, 3174, 3176, 3177, 3179, 3186, 3195, 3198, These conditions are so concise that one may solve the problem 
Ce 3223, 3227, 3265, 3268, 3275, 3280, 3313, 3378, 3383, of interpolation and related problems simply by expressing corre- 
ent 3386, 3430, 3432, 3451, 3458) sponding linear inequalities; and moreover, with a close approxi- 
oF. s mation which ts obtained very quickly and which its correct in the 
cater 3152. Vernotte, P., Scientific applications of the notion of regu- limit. For justification one may study the example of the interpo- 
ern 


larity (in F rench), Publ. sci. tech. Min. Air, France no. 307, 84 
rob nr ’ 
LOS6. 


thor defines the regularity of a piven sequence of equidistant 


lation of factorials because the knowledge that one has of the 
G;amma function allows one an assured control of the results. 


[he same principle is applied to the errors of physical measure- 


415 








ments in a form which is not much different, the rough measure- 
ments being corrected, within the limits of precision which have 
been anticipated, by retouching the table of successive differ- 

ences in such a way that it satisfies the so-called sign condition. 


From author’s summary by A. Devinatz, USA 


3153. Aruffo, G., On the conditions of validity of the general 
Green-Stokes theorem (in Italian), Acta Pont. Acad. Sct. 15, 1, 
1-14, 1951. 

\uthor proves the validity of the Green-Stokes theorem in Fu- 
clidean space of arbitrary dimension if the conditions of differ- 
entiability are weakened in a sense similar to those given by 
Goursat in the case of the Cauchy integral theorem. It is stated 
that this integral theorem can be deduced, under these conditions, 
trom the Green-Stokes theorem. 


A. van Heemert, Holland 


3154. Aitken, A. C., Studies in practical mathematics. VIII. On 
the iterative methods of Lin and Friedman for factorizing polyno- 
Soc. Edinburgh (A) 64, part II, 190-199, 1955. 


The problem treated here is the numerical computation of co- 


mials, Proc. roy. 
efficients of a low-order polynomial which is a factor of a given 
polynomial of higher order; this problem is encountered in solving 
alpebraic equations having multiple roots or sets of roots with al- 
A method of S. N. Lin [J. Math. Phys. 20, 
231-241, 1941) had previously been discussed by the author | Proc. 
Edin. (A) 63, 174-191, 1952], who investigated its rate 


most equal moduli. 


roy. Soc. 
of convergence and suggested an acceleration procedure. In the 

present paper, the same kind of discussion ts applied to two more 
recent methods, one given by Lin |J. Math. Phys. 21, 60-77, 1943], 
Friedman [AMR 4, Rev. 30]. 


methods involving repeated division of the given polynomial by 


the other by B. Both are iterative 


trial factors. The errors after the n-th approximation are related 
to those after the (n—1) st by a matrix which the author determines 
explicitly. The leading characteristic root of this matrix deter- 
mines whether and how rapidly the iterations converge in any 
given case. Author conjectures that both methods are less de- 
sirable than Lin’s older method. This conjecture is partly based 
on hts inability to find accelerative procedures similar to the one 
he devised for the earlier method, and also on his inability to ap- 
ply some of the same elegant theoretical simplifications. In one 
numerical example given, Lin’s second method converges more 
slowly than either of the other two, Friedman’s more rapidly than 
either, though at the cost of somewhat more computing work. [L.in’s 
Aitken’s acceleration device would « 


L. Ale, USA 


first method modified by 


ap- 


parently be best. r. 


3155. Pode, L., and Rosenthal, L., Cable function tables for 
small critical angles, David W. Taylor Mod. Basin Suppl. Rep. 687, 
105 pp, Sept. 1955. 

Supplementary tables of the cable functions used for determining 
the shape and tension of a flexible cable immersed in a uniform 
stream are presented. The tables cover the range of critical an- 
gles from 0 to 10 degrees in increments of one degree. In the 
neighborhood of the critical angle, values of the functions are 
given at intervals of 0.5 degree. 

From authors’ summary 


3156. Wildhaber, E., Surface curvature, Prod. Engng. 27, 5, 184- 
191, May 1956. 

\ useful method is given for defining and generating warped 
surfaces, such as embodied in helical gears, worm threads, and 
hypoid gears. Physical significance of curvature and derivation of 
concepts and equations is reviewed. Two sample applications 
iemonstrate the method. From author’s summary 

Book—3157. Fieller, E. C., Lewis, T., and Pearson, E. S., 
Correlated random normal deviates (Tracts for computers, No. 


XXVI), Cambridge, University Press, 1955, xv + 60 pp. 10s/Gd. 
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These tables give in effect 3000 random pairs from eac} 





bivariate normal distributions with respective correlation coef 
cients 0.1(0.1)0.9. 


{**Random normal deviates, 






Tables are based on items in work of 1, 





” 





Tracts for computers, No. 25, 





bridge University Press, 1948}. ¥. Ly buke 1 





3158. Noe, J. D., Data processing systems: How they functio, pe 





Basic digital series no. 1), Control Enenp. 2, 10, 70=77. Oct 
9 ’ ! ; 
1955S. P 

























































3159. Lerner, |. S., Digital computers need orderly number 
systems (Basic digital series no. Il), Contro/ Fneng. 2, 1), s- 
Nov. 1955. E 


3160. Nelson, E., Digital computers need logical design (Bos, 
digital series no. Ill), Control Fngng. 2, 12, 60-66, Dec. 1955 

3161. Leifer, M., and Blachman, N. M., Communication theory ;; 
digital systems (Basic digital series no. IV), Control Fnyny. 3 


757477 


a- Jan. 


’ 


1956. 


3162. Scott, N. R., Practical circuits for gating in digital com. 


puters (Basic digital series no. V), Contro/] [’ngne. 3, 2, 
Feb. 1956. 


3163. Scott, N. R., Temporary storage elements and special. 
purpose tubes (Basic digital series no. VI), Control Ineny. 3 
93-98, Mar. 1956, 

3164. Blankenbaker, J., How computers do arithmetic (Basic 
digital series no. VII), Control Engng. 3, 4, 93-99, Apr. 1! 


w 
ant 


havi 


3165. Fowler, F., Jr., The computer’s memory (Basic digits! 


series no. VIII). Control] Engng. 3, 5, 93-101, May 1950. 


Mechanics (Dynamics, Statics, Kinematics) 
(See also Revs. 3371, 3441, 3442, 3443, 3463) 


w 


3166. Muttnyanszky, A., Discussion on ‘‘Oetermination of 
critical speed of the first order of Sharpless supercentrifuges 
equipped with vertical axis’’ by Istvan Thamm (in Hungarian), 
Gép 7, 8, 314-319, Aug. 1955. 

Author examines critical speed of the second order caused b' 


gyroscopical effect on flexible shafts with elastic bearings loade 


with a long solid rotor in the middle of the span. In addition t ” 


the known relation wy = 1/(cm) caused by the eccentricity, | 


concludes the relation Onn -l/ Co(A, 3 ,)) caused by the key- 


ing on bias of the rotor. The 1/c = & is the linear stiffness, | 


k, is the angular stiffness defined as the moment necessary t 


produce a unit angular displacement at the plane of the rotor 
is the moment of inertia of the rotor about one of its diameter 


‘y 


through its gravity center, and 4, is the same about shaft axis 
S. Dunkerley appears to have been the first to establish the 
critical speed of this kind for the case of an overhung shaft |oact 
with a thin disk on the free end by the form wo, = 12gIF Wr), 
being the weight of the disk, / being the length of the shaft 
the whirling and vibration of shafts,’’ Phil. Trans. roy. Soc., 
(A) 185, part I, p. 279, 1895]. Later M. Herrmann gives for t! 
same case a formula w = 21E/0,1) which is based on the sam 
ground as that of Muttnyanszky [*'Machine elements (Gepele: 
(in Hungarian), Budapest, Nemeth, 1924]. Concerning a shaft 
two supports with a thin disk in the middle of the span, Timo- 
k,/(9, + 9;) [ ‘Vibration 
1928]. Burt ette 


shenko establishes the formula wo. 
lems in engineering,’’ New York, Van Nostrand, 
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- critical speeds given by the later authors do not take place in 
cetrast (or Contradiction) to Muttnyanszky. 
\ythor asserts that the reason he did not publish his original 


cle a few years ago is that the work of C. Weber, ‘Vibrations 
mechanical engineering, (Schwingungen im Maschinenbau),’’ 
nicseldorf, Deutscher Ing.-Verlag, 1953, appeared in the meantime 


{us 


giving the value of @ 5 


or examines further the rate of wcer2/Wcy} in the case of a 


at centrifugal force and a unit gyroscopic moment at different 


1 
L 


-sror proportions. 
pot 


\ext he examines the critical speed of the Sharpless super- 
» caused by the centrifugal force in common with the 


nrrifure 


ce 

gyroscopic moment, with the aid of the formula of Dunkerley and 
cr iola which is valid also for rotors with a load off center. Here 
the real rotor is replaced by a simplified system which can be 


formed to a very simple swinging system, that is, a weightless 
tilever beam with a swinging mass on the free end. 

.r’s merit is that he calls attention to the fact that the 

- angular displacement has importance in the gyroscopical 
nent and not when in a state of rest. 


examination of w 1 demonstrates well the influence 


/ 
/ 
; cre cr ee j; 
‘the alteration of the rotor shape on the critical speed. The 
substituting the Sharpless supercentrifuge is ingenious; 
solution is clear cut. 
The detailed and systematic treatment of the subject gives a 
ear idea of the complicated relations. The exceedingly perspicu- 
jemonstration of the physical background assures the possi- 
of adopting a smaller mathematical apparatus. 


G. Pattantyus, Hungary 


3167. Boenke, G., Kinematic investigation of a valve mechanism 
having pivoted follower (in German), Maschinenbau-Techmik 5, 3, 

-143, Mar. 1956. 

{ rhorough analysis is made of a valve mechanism of the over- 
eal-valve type wherein the cam follower is pivoted and the rod 
ween the follower and the rocker consequently oscillates rather 

reciprocates, It is shown that this mechanical arrangement 

res much greater spring forces in order to maintain satisfac- 
ntact between the various members of the linkage under 

C. E. Balleisen, USA 


rating conditions. 


3168. Nerge, S., Linkage adjustment and its application (in 
nan), Maschinenbau-Technik 5, 3, p. 133, Mar. 1956. 
{ short and routine paper showing how to proportion a four-bar 
ism to meet given displacement requirements. 
C. E. Balleisen, USA 


3169. Rossner, W., Determination of the Burmester points in 
singular cases and in application of linkage syntheses (in Ger- 
man), Maschinenbau-Technik 4, 5, 238-260, June 1955. 

‘or the kinetic synthesis, the exceptional cases of Burmester 

nter-point and circle-point diagrams are used in order to avoid 

© point-by-point investigation in such diagrams of general shape. 

vas favored especially by Lichtenheldt’s ascertaining how 
n which areas of three arbitrary positions the fourth may be 
ito lie, for a determined disintegration of the center-point 
ram. He indicated a simple method of construction for this 

ry frequent task of kinetic synthesis. 

this method, construction will become tar more economical. 
present study investigates the relations in the case where, in 
tion to the four positions of a plane—which would lead to an 

‘ceptional case of the center-point diagram—a fifth position is 

‘Sitrarily assumed for the purpose of defining still more exactly 


err 


tain law of motion. When five positions of plane are given,— 


le only the mutual sections of five different center-point 
‘setams—the so-called Burmester points may be used as geo- 


positions for the kinetic construction. 


By special arrange- 
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ment of four plane positions, one of the possible fifth center-point 


diagrams may disintegrate into more simple components. In this 
case, the finding of the Burmester points would require the tracing 
of at least one more of the four other center-point diagrams of 
general shape. 

It is shown how to simplify, in such a case, the finding of the 
Burmester points, i.e., besides disintegration components of the 
one center-point diagram, we need only trace the straight lines, 
circles, or conic sections. This depends on the results of the 
square relationship or other geometric relations. Some examples 
demonstrate the method in practice. 

From author’s summary by J. N. Aguirre, Argentina 


3170. Inomata, S., Study on torque meter, |. mech. Lab. Tokyo 
1, 2, p. 50, 1955. 


3171. Kurz, P. F., Useful friction recorder, Amer. |. Phys. 24, 
3, 174-175, Mar. 1956. 

A simple apparatus for recording frictional forces and changes 
in such forces encountered in traversing plane surfaces is de- 
scribed. Typical records are presented, and the flexibility of the 
apparatus is discussed. From author’s summary 

3172. Peterson, M. B., and Johnson, R. L., Friction studies of 
graphite and mixtures of graphite with several metallic oxides and 
salts at temperatures to 1000° F, NACA TN 3657, 16 pp., Feb. 
1956. 

An experimental friction study was made using graphite and mix- 
tures of graphite with lead oxide, cadmium oxide, sodium sulfate, 
or cadmium sulfate as solid lubricants. Runs were made at tem- 
peratures up to 1000F with various steel and Inconel combinations. 

Graphite powder lubricated metal surfaces at temperatures suffi- 
ciently high to promote oxidation of the metal surfaces. At inter- 
mediate temperatures, graphite powder alone failed to function as 
a lubricant. Graphite would not lubricate cast Inconel on Inconel] 
X at temperatures between approximately 150 and 800F. Similarly, 
with steel, which oxidized more readily than Inconel, the tempera- 
ture below which graphite would not lubricate was 475F as com- 
pared with 800F for Inconel. 

Mixtures of metallic compounds and graphite were effective 
lubricants from room temperature to 1000F provided no reaction 
occurred between the metallic compounds and the graphite. A 
metallic salt mixed with graphite showed friction coefficients 
similar to those of a resin-bonded film of graphite. 


From authors’ summary 


Servomechanisms, Governors, Gyroscopics 


(See also Revs. 3262, 3263, 3264, 3266, 3273, 3299, 3327, 
3328, 3368, 3408) 


3173. Bendrikov, G. A., and Teodorchik, K. F., Laws of the 
root migration of linear algebraic equations of the third and fourth 
order applied to conditions of continuous fluctuation of the free 
term (in Russian), Avtomatika i Telemekhanika 16, 3, 288-292, 
1955. 

Authors investigate the general n-th order characteristic equa- 
tion applicable in automatic control theory. The qualitative analy- 
sis is applied to third- and fourth-order equations, and regions of 
maximum stability are given. Included are two tables indicatins 
the behavior of the characteristic equations as the free term 
varies. M. D. Friedman, USA 

3174. Andre, J., and Seibert, P., On piecewise linear differ- 
ential equations occurring in automatic control problems (in 


German), Arch. Math. 7, 2, 148-156, 1950. 









3175. Coales, J. F., Nonlinearity in control systems: An in- 
formal appraisal of the problem, Control Engng. 3, 2, 55-56, Feb. 


19506. 


3176. Gibson, J. €., A dynamic root-locus plotter, Contro/ 
Fnyng. 3, 2, 63-65, Feb. 1956. 

3177. Surian, K., and McMaster, S., How to determine imped- 
ance components graphically, Contro/ Engng. 3, 2, p. 66, Feb. 


1956. 


3178. Sissingh, G. J., The frequency response of the ordinary 
rotor blade, the Hiller servo-blade, and the Young-Bell stabiliser, 
Lond. Rep. Mem. 2860, 19 pp., 1954. 


The present report deals with the frequency response of pivoted 


lero. Res. Counc. 


syratory systems and, in particular, with the response of the 
ordinary rotor blade, the Hiller servo-blade, and the Young-Bell 
stabilizer to sinusoidal disturbances caused by pitching oscil- 
Physically, the problem corre- 
sponds to a single-degree-of-freedom system excited by beats. 


lations with constant amplitude. 


The resulting torced oscillations are characterized by the two 
tollowing phase angles: (a) a phase angle in the plane of rotation; 
(6) a phase angle of the oscillation of the tip-path plane, where 
the tip-path plane may be considered as a solid body. The latter, 
which is the controlling consideration, depends on the specitic 
damping of the system and the frequency ratio. 

In general, the tip-path plane of the systems mentioned oscil- 
lates in two directions, longitudinal and lateral, where both modes 
ot oscillation can be split up into components im phase with the 
attitude and in phase with the rate of change of attitude. For each 
individual system explicit formulas are given, and the effect of the 
trequency ratio on the control characteristics of the Bell stabi- 
lizer and the Hiller servo-blade is shown by vector loci. 

From author’s summary 


Vibrations, Balancing 
(See also Revs. 3187, 3214, 3228, 3229, 3261, 3428, 3433, 3451) 


3179. Marguerre, K., Vioration and stability problems of beams 
treated by matrices, J. Math. Phys. 35, 1, 28-43, Apr. 1956. 

Both the method of influence coefficients and that of Myklestad 
used in the solution of vibration problems involve matrix calculus. 
The matrix method applied to the differential equation of a vi- 
brating beam and of a buckling column is reviewed. It is also 
shown that matrixes can be very useful in calculating exact eigen- 
values of vibrating and buckling beams with varying cross section 
and intermediate supports. It is further shown how these calcu- 
lations can be shortened as well as made more accurate by the use 
of auxiliary matrixes, called delta-matrixes. Finally, a list of 


matrixes suitable tor these calculations is given. 
J. P. Vidosic, USA 


3180. Miles, J. W., Vibrations of beams on many supports, 

Proc. Amer. Soc. civ. Engrs. 82, EMI (J. Engng. Mech. Div.), Pap. 
863, 9, pp., Jan. 1956. 

The natural frequencies of a continuous beam resting on an ar- 
bitrary number of uniformly spaced supports are determined from a 
difference equation formulation. These frequencies fall in peri- 
odically spaced groups that are separated by spectral gaps of 
widths equal to approximately half the interval between the natu- 


ral frequencies of a single beam on a square root frequency scale. 
These groups tend to uniform spectra as the number of supports to 
infinity, but the gaps remain, giving a band-pass character to the 
entire spectrum. Wave propagation along an infinite, periodically 
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supported beam is discussed and the phase and group velocitie 





evaluated as functions of frequency. 





From author’s sunimary by R. Giovannozzi, |r, 
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3181. Weidenhammer, F., Stability of nonlinear bending vibyo. 
tions of beams with pulsating axial loads (in German), Ing.-4;,; 
24, 1, 53-68, 1956. 

Under pulsating axial loads, a beam may execute bending yjb;,. 
tions of tinite amplitude, if the exciting frequency is about twice 
one of the natural bending frequencies (w~=2 @;). These nonlinex 
oscillations are studied for a simply supported beam. The trap 


"*method of 


sient vibrations, particularly, are examined, by the 
slowly varying phase and amplitude’’ (van der Pol), in order to 
determine the manner in which the steady-state vibration depends 
on the initial lateral disturbance. It is shown that, for forcing 
frequencies of @>q@., the beam may return to rest or it may reac 
steady finite-amplitude oscillations. Paper also considers the 
etfect of damping and shows the corresponding resonance curve; 
be everywhere finite. The results are derived by an approximatio, 
method and their general validity is demonstrated by use of a 
method due to J. Haag. 


From author’s summary by G. A. Nothmann, US: 


3182. Adler, A. A., Bending and torsional vibrations of nonuni. 
form beams, Thesis, M. Sc. Mech. Engng., Graduate School, 
Cornell Univ., 51 pp., Sept. 1955. 

Using an inverse method author is able to develop a classiti- unde! 
cation relating beain parameters to the corresponding solutions 
the governing differential equations. Only beams with rectangul2: 
or elliptical cross sections having depth and width as simple 
monomial functions of the length variable are considered. 

J. L. Bogdanoff, USA 


3183. Yeh, G. C. K., and Martinek, J., Forced vibration of a 
clamped rectangular plate in fluid media, J. appl. Mech. 22, 4, 
568-572, Dec. 1955. 

The plate is clamped in a rigid infinite baftle which separates 
two different fluid media, and is excited by a plane wave normal! 


she 


incident trom one side. The wave lengths in both media are 

assumed to be of small order compared with the edge lengths of 
the plate. The deflection of the plate is expressed in a double 
series, and Ritz method is used in shape of Lagrange calculus. 
Numerical results about the energy transmission are presented 


based on a four-term series. H. Schaefer, German) 


3184. Baron, M. L., Circular-symmetric vibrations of infinitely 
long cylindrical shells with equidistant stiffeners, J. appl. Mec) 
32, 2, 316-318 (Brief Notes), June 1956. 
Tables for the determination of frequencies of the modes spec! 
fied in title are presented. It is assumed that the spacing of stil! 
ening rings is small compared with the radius of cross section, s 
that motion of shell parallel to axis of cylinder may be neglecte. 
Only oscillations having same periodicity as stiffener spacing ¥ 
considered. Allowance has been made in the analysis for addi- 
tional mass, uniformly distributed over shell, which offers no 
resistance to deformation; for instance, insulation. 3 
The note is an extract of Tech. Report 11, Office of Naval Ke nati 
search Contract Nonr 266(08), AFSWP 871, Columbia University, 
1954, having same title and author. 
From author’s summary by M. J. P. Musgrave, Englan¢ 


3185. Lakshmana Rao, S. K., On tne vibrations of triangular 
membranes, J. Indian Inst. Sci. (A & B) 38, 1, 1-3, Jan. 1950. 

Paper reviews the solutions of the differential equation gover 
ing the propagation of waves in thin membranes for the classic 
problems of regions comprising a right-angled isoceles triangle, 
and a right-angled 30° =60° triangle. Solutions can be extende¢ 
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triangle, rhombus with acute angle of 60°, and 
ron regions. J. B. Duke, USA 








2194. Holzweissig, F., Limit methods for the determination of 
virequencies (in German), Maschinenbau-Technik 5, 4, 195-200, 
letermine the eigenfrequencies of vibrations of sys- 
veral degrees of freedom, certain assumptions must be 
sponding to different methods, the fundamental fre* 
osition of nodes, or similar data are assumed. The 
feterrnines a domain in which the fundamental fre- 

1 lower bound of the first harmonic can lie. With the 
coefficients, a scheme tor the calculation of exact 

e frequencies can be developed. For a torsional 

stem with m masses, two different tabular methods for 
ition of these coefficients are constructed. 


from author’s summary by W. H. Hoppmann II, USA 


Wave Motion in Solids, Impact 
(See also Revs. 3180, 3251, 3452) 


3187. Dengler, M. A., Transverse waves in beams and plates 
under impact loading (in German), Ost. Ing.-Arch. 10, 1, 39-66, 


ents results already given in AMR 6, Rev. 2703 and 
8 Kev. 1588, with the addition of intermediate mathematical 
1 brief analysis of transverse impact on plates. 
H. N. Abramson, USA 
3188. Adamson, B., Behaviour of elastic beams under action of 
detonating charges with special reference to rotatory inertia and 
shearing forces, (in Swedish), Kungl. Fortiftkationsforvaltningen 
byran Rap. 109: 10, 130 pp., 1955. 
scribes an experimental and theoretical investigation 
rations produced in elastic beams under the impulse 
duced by explosions. A review of the one-dimensional 
ending is given, including the effects of rotatory in- 
problem is also considered in three dimensions and a 
is made with one-dimensional theory. Solutions are 
case of an impulse load decaying exponentially with 
ind with the boundary conditions used in the experiments, 
ertical motion prevented, horizontal motion allowed, and 
oment zero. The beam was set in motion so as to excite 
mal modes (up to the eleventh) in turn, and the damping 
ents were measured and the normal frequencies were com- 
vith theory. Timoshenko’s theory gave the best fit. Ob- 
train-time curves were compared with those calculated 
ry. Again the best general agreement was obtained with 
nko’s theory both as regards form and magnitude, Author 
es with an extensive bibliography. 
J. M. Jackson, Scotland 


3189. Bogdanoff, J. L., Influence of secondary inertia terms on 
natural frequencies of rotating beams, |. appl. Mech. 22, 4, 587- 
1955. 
equations of small motion of a straight cantilever beam at- 
to the rim of a rotating disk are determined assuming the 
‘li-Euler theory of bending and the Saint-Venant theory of 
ire valid, the mass and elastic axes coinciding and retain- 
inertia terms. Influence of the secondary inertia terms on 
n¢amental torsional and lateral frequencies is then examined 
ingular settings for a uniform beam having a length of disk- 
ratio in the range usually encountered in gas-turbine buck- 
‘xial-flow compressor blades. 
From author’s summary by G. Temple, England 
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3190. Biot, M. A., Theory of propagation of elastic waves ina 
fluid-saturated porous solid, |. Low frequency range, |. acous?. 
Soc. Amer. 28, 2, 168-178, Mar. 1956, 

Paper develops clearly and in considerable detail a theory as- 
suming statistically isotropic solid, compressible fluid, and com- 
parable densities for fluid and solid. Frictionless fluid ts con- 
sidered first, then Poisseuille flow in pores. Theory applies only 
for frequencies below critical frequency at which assumption of 
Poisseuille flow breaks down, 

Stress-strain relations for the solid-fluid system and dynamic re- 
lations between stresses and accelerators are set up and com- 
bined to show there are two dilatational waves, one of which at- 
tenuates rapidly and one of which may or may not attenuate rap- 
idly, depending on the relative motions between solid and fluid, 

In addition, there is an uncoupled rotational wave of attenuation 
proportional to frequency squared, Curves are given relating 
phase velocities and attenuation to nondimensional parameter pro- 
portional to frequency. K. M. Siegel, USA 

3191. Biot, M. A., Theory of propagation of elastic waves ina 
fluid-saturated porous solid. Il. Higher frequency range, |. acoust 
Soc. Amer. 28, 2, 179-191, Mar. 1956, 

Theory of part I is extended to frequency range between previ- 
ous critical frequency and frequency at which the pore dimensions 
are of the order of a wave length. Theory takes into account vari- 
ation of viscosity with frequency, including approximate effect of 
pore cross-sectional size and shape under assumption of unifor 
pore-size and shape distribution, Curves relate phase and group 
velocities, attenuation and attenuation per cycle to frequency tor 


various combinations of parameters. K. M. Siegel, USA 


Elasticity Theory 


(See also Revs. 3200, 3205, 3206, 3207, 3216, 3222, 3239, 3242, 
3249, 3351, 3377) 


3192. Geckler, R. D., Thermal stresses in solid propellant 
grains, Jet Propulsion 26, 2, 93-97, Feb. 1956. 

Che problem of determining the transient thermal stresses in a 
hollow circular cylinder is an extension of a previous paper [Jet 
Propulsion 25, 1 


of a hollow cylinder, insulated at its inner surface at an initially 


, 30-35, Jan. 1955}. The problem solved is that 
uniform temperature, whose outer surface is suddenly placed in an 
environment whose temperature is different from the initial temper- 
ature of the cylinder. The solution includes the effect of a filn 
coefficient at the outer surface but considers this heat-transfer co- 
efficient independent of temperature, The first part of the paper i: 
based on the thermal stress solution given by Timoshenko | AMR 5, 
Rev. 43] in which the modulus of elasticity and thermal coefficient 


} 


of expansion are considered to be independent of temperature. The 


solution for the temperature-distribution problem is based on analy- 
sis by Jaeger [Phil. Mag. 7, 36, 418-428, 1945], in which the so- 
lution is expressed as a series of Bessel functions of the first and 
second kind and requires an evaluation of the roots of a transcen- 
dental equation involving these Bessel functions. The calculation 
of these roots is, in itself, a formidable undertaking and is to be 
published by M. Lipow and S, A, Swick in the J. Math. Phys. 
Using the cited calculated roots, the author, in his previous paper, 
determines the temperature distribution; in this paper, he has pre- 
sented the stresses caused by these thermal gardients in a con 
cise graphical form. 

The problem considered here is that for which the resultant of 
the longitudinal stresses is zero, i.e., there is no restraint to axial 
elongation, and in which the end effect problem for short cylin- 


ders is neglected. 





The second part of the paper extends the solution obtained in 
the first part to include the effect of the dependence of the modu- 
lus of elasticity on temperature, An iterative-type procedure be- 
ginning with the solution already obtained and using the equations 
obtained by H. Hilton [AMR 6, Rev. 770] is used to include this 
effect. A. L. Ross, USA 

Book—3193. Thompson, A. S., and Rodger, O. E., Thermal 
power from nuclear reactors, New York, John Wiley & Sons, Inc., 
1956, xiii + 229 pp. $7.25. 

This is the latest book to appear which claims to cover the en- 
gineering aspects of nuclear reactors, Authors attempt to cover 
this very broad subject in a relatively short book of only 223 
pages. Inthe first 158 pages, the nuclear aspects of the subject 
are treated from an elementary point of view, including a discus- 
sion of the application of dimensional analysis to reactor design 
and non linear reactor kinetic. Chapter headings are (1) Nuclear 
considerations; (2) Reactor equations and critical mass; (3) Reac- 
tor kinetics; (4) Shielding of reactors, 16 pages; (5) Reactor ma- 
terials, 12 pages. In the remaining 66 pages of the book—the 
topic of which is power removal from reactors—the authors attempt 
to discuss the many aspects of the mechanical and thermal design 
of reactors, For example, in 20 pages, pressure losses in fluid 
flow, heat transfer to flowing fluids, boiling heat transfer, heat- 
transfer analogies, and power density and pumping efficiencies 
are mentioned, Similarly in 17 pages, thermal power cycles and, 
in 26 pages, thermal stresses are discussed. 

[here is a decided lack of applications to design problems and 
particularly a lack of descriptions of current designs to go with 
this brief discussion of engineering design of reactors. The book 
can only be considered as an extremely brief introduction to the 
field of reactor design. R. S. Wick, USA 

3194. Volterra, E., On the deflections of bow girders of non- 
circular shapes, Proc. Amer. Soc. civ. Engrs. 82, EM 1 (J. Engng. 
Mech. Div.), Pap. 870, 12 pp. + 13 figs., Jan. 1956. 

When the central line of arc bow girders is circular, principle of 
ininimum strain energy is generally used to solve statically inde- 
terminate problems, but in the case of noncircular shapes the re- 
sulting expressions ought to be calculated approximately by nu- 
merical methods. Author uses instead the two differential equa- 
tions which relate displacements (transverse deflection and 
rotation about the axis) to external loads and which are derived 
from Saint-Venant’s equations of the deflection curve combined 
with equilibrium equations referring moments to load, 

Ry means of well-suited developments these equations are inte- 
erated in closed form for different shapes (cycloid, catenary, pas 
rabola), the load being uniformly distributed; problem is solved by 
satisfaction of boundary conditions at built-in ends. 

Graphs of deflection and rotation, of bending and twisting mo- 
ments are obtained for different angular amplitudes of beam and 
different ratios between flexural and torsional rigidity. 

D. Gentiloni-Silverj, Italy 


3195. Rivlin, R. S., Stress-relaxation in incompressible elastic 
materials at constant deformation, Quart. appl. Math. 14, 1, 83-89, 
Apr. 19506. 

For an ideally incompressible elastic material capable of stress- 
relaxing, author shows that the stress components at a point of a 
body may be expressed as polynomials in the gradients of dis- 
placements with time-dependent coefficients. The relationship be- 
tween these time-dependent coefficients and strain energy is dis- 
cussed by comparing the theory of finite elastic deformations with 
the present theory for the case of time ¢ = 0. Thus it is shown that 
the stress relaxation in incompressible elastic bodies may be 
solved by employing the aforementioned relationship. By using 
this approach, results are found for cases of: (1) simple tension; 
(2) simultaneous simple extension and torsion of a circular rod or 


tube; and (3) small torsion superimposed on simple extension of 
° ° . ~ Sg 
uniform rod of arbitrary cross section. L.-W. Hu, vs, 


3196. Braun, O., Examples of simplified computation of the 
loading terms in the elasticity equations, J. Boston Soc. ci, 
Engrs. 43, 2, 128-141, Apr. 1956, 


3197. Rongved, L., Force at point in the interior of a sem. 
infinite solid with fixed boundary, J. appl. Mech. 22, 4, 345=546 
Dec. 1955. 

Solution of the title problem is obtained in closed form by a), 
plication of potential theory, using the Boussinesq-P apkovitch : 
functions and Green’s function for Poisson’s equation and the bal 
space. The case of the force parallel to the boundary, as well x 
that of the force perpendicular to the boundary, is treated, 

R. D,. Mindlin, Us, 


3198. Camiz, V., Graphical composition of plane states of 
stress (in Italian), Ingegnere 29, 7, 731-742, July 1955. 

After recalling the fundamental properties of Mohr’s circle, pa 
shows some simple graphical methods which allow to obtain, {rer 
the circles associated with two or more plane states of stress ay 
ing on the same plane, the circle associated with the resultan 
state of stress. In considering the inverse problem, in particulz 
the case in which the component states are required to be uniar; 
author shows that the solution is not unique and analyzes the 
possibility of arbitrarily establishing the directions of the comp 
nent states of stress, 

From author’s summary by E. Saleme, US: 


3199. Netrebko, V. P., Torsion of an elastic parallelepiped » 
a given law of distribution of the shearing stress on the bases |; 
Russian), Vestntk Moskov. Univ. 9, 12, 15-26, 1954. 

An approximate solution of the torsion problem for an elastic 
rectangular parallelepiped with specified distribution of sheann 
stresses on the bases is obtained by minimizing the potential er 
ergy of deformation. A numerical example suggests that the stres 
distribution does not deviate materially from Saint-Venant’s dis 
tribution in cross sections whose distance from the loaded ends 
exceeds the greatest linear dimension of the ends. 

I. S. Sokolnikoff, USA 


Experimental Stress Analysis 
(See also Revs. 3179, 3223, 3232, 3255, 3258) 


3200. Christodoulides, $. P., A photoelastic method of two- 
dimensional separation of stresses along a line of symmetry by 
using the isochromatic fringes only, Brit. J. appl. Phys. 7, 5, 
190-194, May 1956, 

Paper begins with Stevenson’s equation for stresses, inclucit: 
body forces as expressed in complex notation, Author transfor 
this from x,y axes to a set of orthogonal curvilinear axes, ”, 5, 
which are the principal stress trajectories. The resulting equ 
tions are of the Lame-Maxwell form, when the case of no body 
forces is considered. By setting up the equations in terms of pi" 
cipal stresses, and considering the special case where there is# 
least one axis of symmetry, author shows that (1) at any point 
the line of symmetry, the principal stress trajectory and the cut 
orthogonal to the isoclinic at that point both have the same cu* 
ture, and (2) at any point on a line of symmetry, the principal 
stress trajectory and the isochromatic at that point both have 
same curvature, 

Since the isochromatics are obtainable directly by photograp™ 
means, the Lame-Maxwell equations are derived in terms of the 


and their curvature. This permits the separation of the princi? 
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cesses. A convenient method is shown for measuring the curva- 
. Ha, Uy we, Simpson’s rule is used to perform the integrations in a 
orked-out example of a circular hole in a tension bar. 

T. A. Hunter, USA 
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Rods, Beams, Cables, Machine Elements 
See also Revs. 3156, 3179, 3180, 3181, 3182, 3194) 











rm by an x 


>kovitch 3201. Mink, K., Design of composite beams (in German), Bauin- 


4 ht 
= ~ ente ur 31, a 172-174, May 1956. 
- well as Plane of bending moment is symmetry plane of the beam. There 


is no other symmetry. A set of elementary formulas is deduced 


dlin, USA ; i 
hich makes it possible to compute necessary flange areas by 


ven bending moment, maximum tensile and maximum compressive 


ites of 
stress. Numerical example is worked out. 
: W. L. Esmeijer, Holland 
circle, pap 
brain, fron , ¥ ‘ 
eteee al 3202. Oravas, G., Calculation of circular beams on elastic 
ssultan [ygtoundation (in German), Bauingenieur 31, 5, 177-180, May 1956. 
patticds The problems solved by E. Volterra [AMR 5, Rev. 1327; 7, Rev. 
be uss 49] on the bending of circular beams on elastic foundation are ex- 
es the “BBtended to include concentrated moments acting on the beam, as 
the comolmrel! as to take into consideration the torsional stiffness of the 
foundation. Governing -differential equations remain of the same 
eme, USA form as when the latter is not considered; the solution is therefore 
trivial. Paper would serve the needs of engineering better if 
lepiped wimp oumerical examples were included showing the effect of the tor- 
» bases (i: fEmesional stiffness. Y.-Y. Yu, USA 
elastic 3203. Worch, G., Analysis of continuous beams on multiple 
F shearin: Ie elastic supports (in German), Bauingenieur 30, 11, 388-392, Nov. 
ential er fim 1955. 
t the stres Paper gives an alternative reading of a method, given by Koiter 
nt’s dis and inserted in Biezeno-Grammel, 2nd ed., vol. 1, p. 268, Berlin 
ded ends 1953. J. F. Besseling, Holland 
coff, USA 3204. Zaytzeff, $., Calculation of beams on elastic foundations. 
Ports 1, 2 (in French), Tech. mod. Constr. 11, 3, 85-92, Mar. 
1956; 11, 4, 121-126, Apr. 1956. 
Utilizing the conventional Winkler assumption that the reaction 
forces of the foundation are proportional at every point to the de- 
5 flection of the beam at that point, author reviews the fundamental 
) theory and discusses the known solutions for some practical 
cases. Most of the solutions presented are available in Hetenyi, 
of two- ‘Beams on elastic foundations,’’ or other texts. However, author 
netry by presents the results in a form that may be more convenient for the 
et use of designers. N. M. Newmark, USA 
includin: 3205. Harboe, H., Circular beam, simple span with ends sup- 
ransforns I Ported and fixed as to slope but not as to roll, subjected to a con- 
S, My 5; centrated load acting perpendicular to plane of curvature, Bygns- 
1g equa stat. Medd. 27, 1, 1-7, Feb. 1956. 
se For the system and loading condition mentioned in title, simple 
ms of pie 2PProximative formulas are given, without demonstration, for re- 
there is# F dundant reaction (bending moment) in the one end of the curved 
point of ceam. There will be a considerable reduction of work in thus cal- 
the cutie CUlating this indeterminate structure. Exact calculation confirms 
me curt#fmme Y@lues obtained by author’s formula. No reference to practical 
cipal use is made. H. Beer, Austria 
have te 
3206. Schindler, K., Beam on elastic foundation without allow- 
tograph Ce for tensional forces between beam and foundation (in German), 
; of then Ost. Bauzeitschr. 11, 3, 47-53, Mar. 1956, 
f incip4. The customary analysis of beams on elastic foundation is based 


on Winkler’s theory (1867) which assumes that the reaction of the 








42] 


foundation is proportional to the deflection, acts vertically to the 
undeflected beam, and opposes the deflection. Hence, where the 
deflection is downward there will be a compression in the support- 
ing medium, but where the deflection happens to be negative, ten- 
sion will be produced. Winkler’s assumptions were made in order 
to give a closed analytical solution to the problem. 

Author develops equations on the assumption that there are no 
tensile forces between the beam and its foundation; thus the 
foundation is subjected to pressure only and the beam either sinks 
into the foundation or rises effortless from it. The beam length is 
then divided into regions where the deflection y 2 0 and y £0, and 
the differential equations are then established for the respective 
regions. The solution shows, e.g., that for a concentrated load the 
elastic line is only curved in a region adjacent to the load, while 
it is straight beyond that region, and that this region is 33‘, % 
shorter than that established by Winkler’s theory. Furthermore, 
the bending moment and deflection calculated on the author’s as- 
sumption (no tension) are 9% larger than that derived by the cus- 
tomary method. The bending moment is both positive and negative 
according to the present theory, while the author shows that for 
the case considered it is zero at the end of the region and does 
not change sign. These facts are very significant, especially 
when dealing with a system of both concentrated and equally 


distributed forces. M. Maletz, USA 


Plates, Disks, Shells, Membranes 


(See also Revs. 3183, 3184, 3185, 3213, 3215, 3216, 3219, 3226, 
3241, 3246, 3427, 3428) 


3207. Hoeland, G., Influence fields of moment at supports in 
continuous elastic plates simply supported at both sides (in Ger- 
man), Ing.- Arch. 24, 2, 124-132, 1956. 

Influence fields have been solved for one-span plates (Bittner, 
Pucher, etc.). Only Bittner has looked into influence of neighbor 
panels in an approximate way. Present paper starts from Pucher’s 
influence field of moment at transversal support in an infinite half 
strip. Hence, influence field of moment at transversal support is 
given for two mutually adjoining half-strip plates. Pairs of sym- 
metrical and unsymmetrical rectangular plates are then studied, 
and influence fields of moment at intermediate (elastic and rigid) 
supports are given. A way is shown for solving influence fields of 
moment at supports in a continuous plate with many elastic trans- 
versal supports. Approximate solution recommended by DIN 1075 
norm for symmetrical pairs of plates gives moments at supports up 
to 75% larger than those given by exact solution found in this 
paper. H. Fernandez Long, Argentina 

3208. Woinowsky-Krieger, S., Application of bi-polar coordi- 
nates for the solution of a problem of bending of plates (in Ger- 
man), Ing.-Arch. 24, 1, 47-52, 1956. 

The expressions for the deflection and bending moments are de- 
rived for thin plates of uniform thickness with built-in edges. The 
plates treated have the following boundaries and a uniform load- 
ing: (1) two circular arcs; (2) a circular segment; (3) a half-circle; 
(4) a half circle under a hydrostatic load; (5) an eccentrical ring 
under a symmetrical load. W. Ornstein, USA 


3209. Brunner, W., Moment-distribution method for solution of 
continuous plates under uniformly distributed loads (in German), 
Schweiz. Bauztg. 73, 50, 771-779, Dec. 1955. 

Author extends the Cross method (or the momentedistribution 
method) to the solution of continuous plates that are subdivided 
into many rectangular panels by intermediate supports. The 
method is based on the assumption that the bending moment along 
each edge of the individual panel is distributed according to a 








provide accurate results for panels of 


erate length-width ratios under uniformly distributed loads. 


thor includes tables for stiffness factors and carry-over fac- 
tors for rectangular panels of various boundary conditions, and of 
é thewidth ratios extending from 1 to 2. Author also provides a 
© OF < tiny ct ben ling moment at the center of a panel 
h is acted or i sinusoidally distributed bending moment 
) fits four 1 
\n example is given to illustrate the detailed procedure of the 
proposed method, l. H. H. Psan, USA 


3210 


tions of an infinite strip in closed form (in Polish with Russian 
irch. Mech. stos. 5, 589-628, 1954 


problem of an infinite strip is usually given in 


Kaczkowski, 2., Representation of the deflection tunc- 


English summaries), 


\ solution of a 


terms of trigonometric sertes which converge rather slowly. For an 

infinite plate though, especially when loads are circularly sym- 
etric, a solution in a closed form is easily obtained due to simple 
oundary conditions In order to solve an infinite strip in a closed 

form the author makes it a special case of an infinite plate. 

( losed forms which author obtains are sums of series containing 


lovarithmic expressions, The first article of this paper leals with 


the theory of summation of this kind of series. 


Author presents 


several examples for various loads and boundary conditions. In all 


contain combinations of four basic functions in a 


if them solution: 

losed form. It is very probable that many of the infinite-strip 
problems can be solved in terms of these four functions, which sup- 
rests desirability of tabulating them. IT. Leser, USA 


3211. Oravas, G., Analysis of collar slabs for shells of revo- 


lution, Proc. Amer. Soc. crv. Engrs. 82, ST 2 (J. Struct. Div.), 
Pap. 916, 14 pp., Mar. 1956. 
A spherical elastic dome is joined at its edge to inner flange of 


innular collar slab with I-shaped cross section. Flanges of collar 


slab rest on columns that provide no appreciable restraints to de- 
lome or slab. 


formations of Axially symmetrical deformations of 


lome 


and collar slab are analyzed independently by existing theo- 
ries of plates and shells, and condition of consistent deformations 
at junction is imposed. Repeated approximation procedure of re- 
Numerical example is in- 


HM. 5 


laxation type is used to solve problem. 


cluded, Langhaar, USA 
3212. Ridiger, D., Stresses and deformations of curved shells 

with a parallelogram as horizontal projection (in German), Ost. 

Inv.- Arch. 9, .. 265=273, 1955. 

reduced 


The problem is to the solution of partial differential 


equations of the second order. Apart from the perturbation func- 
tions, these equations are identical to those given by H. J. Jellet 
(Irish Acad. Trans. 22, p. 343, 1853] and A. Pucher [Beton u. 

Fisen 33, p. 298, 1934] for computing the infinitesimal deformations 
ind stresses in surfaces having a rectangular horizontal projection. 


From author’s summary by K. H. Swainger, England 


Buckling Problems 
(See also Rev. 3181) 


3213. Capey, E. C., The buckling under longitudinal compres- 
sion of a simply supported panel that changes in thickness across 
the width, Aero. Res. Counc. Lond. curr. Pap. 235, 19 pp. + 9 
figs., 1956. 

An exact analysis is given for simply supported and for clamped 
panels, made up of three strips, in which the central strip differs 


in thickness from the outer strips. The buckling condition is that 


a fourth-order determinant vanishes. The elements of this de- 


terminant are transcendental functions of the wave length and the 
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buckling stress, and a solution has to be found numerically }, 






trial and error. 





Nondimensional buckling curves show thar 





particular for simply supported panels the buckling stress fo, , 






given width and cross-sectional area may be increased jf the 




























































tral strip is taken thinner that the outer strips. 
J. F. Besseling, Hola, t 


3214. Cox, H. L., and Klein, B., Buckling and vibration of 
isosceles triangular plates having the two equal edges clamped 
and the other edge simply-supported, |. roy. aero. Soc. 59. «: e 
151-158 (Technical Notes), Feb. 1955. 

Approximate solutions obtained by the method of collocat 
presented for the lowest critical buckling load of an isosce 
triangular loaded plate. Also, the fundamental frequency 
Che base of the triangle is simply supported and the other e 
edges are clamped. From authors’ 

3215. Kosara, J., Diagonal stiffening of simply supported 
square plate submitted to shearing stresses, Bull. Acad. Ser, 

tech. 13, 4, 5-9, 1955. 
} 


Discussing the rigidity required for diagonal stiffeners of 


Ser Cl. set. 


author determines it from the usual condition that they be« 
nodal lines of the web, when buckled by shearing forces, 
they were absolutely rigid. Expressing the surface of the 
plate by double trigonometric series, author arrives at an inf 
secular equation, solved by approximations. 

In reviewer’s opinion, the final formula can be very use 
sign of large plate girders. 

J. M. Klitchieff, Yugoslav: [i 


3216. Shuleshko, P., A solution of some problems of the buck. 
ling of ortho-anisotropic plates under bi-axial and uni-axial Joad. 
ing using a reduction method, Univ. Technol., School C1 
Austral. Bull. 5, +4 pp., 1955. 

Some solutions for the buckling loads of rectangular ort! 
anisotropic plates with two opposite edges simply supported 
other types of support on the other edges are obtained by 
parison of the characteristic equations for the ortho-anisotroj 
cases to the characteristic equation for isotropic plates tor - 
the roots are known. Equations (‘‘reduction’’) are establishe 
the relationship between the roots of the characteristic equat 
for the two cases. M. V. Barton 

3217. Clark, L. G., Buckling of laminated columns, |. « 
Mech. 22, 4, 553-556, Dec. 1955. 

Theory is developed for columns whose laminations, whi 
differ in thickness and material, are attached at intervals. by 
essentially a ‘‘long column’’ theory with the laminations thick 
small compared with the distance between attachment points. 
examples are presented with corresponding test data. Exce! 
agreement is obtained in the Euler range, with theory becon 
high as the free length of the laminations approaches the “'s! 


C. M. Tyler, Jr. Us 


‘ 


column’’ region. 


3218. Hui, E., Buckling of twisted bars under compression 
German), Ost. Ing.-Arch. 9, 4, 288-319, Nov. 1955. 

Paper aims at the determination of the critical forces of c¢ 
trally and constantly loaded straight bars whose cross sect 
constant, but whose principal axes are twisted in the unloace 
state through an angle constant per unit length, as the center 
gravity is shifted along the bar axis. Five conventional basic 
conditions of end support are treated; one of these, the bar ity 
at both ends, has already been solved by Ziegler. The pape! 
vestigates the five cases in synthesis. As a system of coor 
nates, a moving system is assumed whose axis in the unloades 
state coincides with the main axes of the cross section, and Wi 
the bar axis; that is, the coordinate system is advancing along“ 


In the loade 





bar axis, rotated together with the cross section. 









sion 








,rigin of the coordinate system is shifted together with 
{ of the bar, but the axes remain parallel with their 





if1ons. 
rium method is applied to the determination of the 
es. Arc length s measured from the lower end point of 
ine is chosen for independent variable. In the course 
vation, s is identified with time, and the deformation 
iescribed as movement of the coordinate system 
the elastic line, small magnitudes of second order 
cted. Two differential equations of second order are 
ependent variables in which are projections of the ve- 

r of translation of the coordinate system along the two 
ixes. 
values of the differential equation yield, in the con- 
vay, the critical forces as functions of flexural rigidities 
eferred to the two main axis, and of angle of twist w.per 

of the bar. 

veneral solution, the critical force of the bar of total 
ompared with the Euler force of the nontwisted bar, 

where k is the characteristic ratio, function of 7. 

lightly twisted bars are separately treated. 

twisted bars independent of the conditions of end 
, the result k = 2k(1 + k) is obtained, 

If k —> co - k 


ise of 7 —> co 
> >. 
tly twisted bars, the critical force generally differs little 
ler force. This does not hold, however, for very 
irs. On the basis of very cumbersome calculations, 
ire plotted for the five cases investigated. The rate of 
reases the critical force in all five cases, and so much 
D,, is in twisted bars a function 
If k (J max, J min) 


ie effect of twist is greater (Dg calculated on tne basis 


he slenderer the bar. 


/-s referred to the two main axes. 


Hereafter, correlations among critical forces for the 
ifferent cases are given; finally, the conditions are treated 
ch the results are fair approximations. 


I. Koranyi, Hungary 


3219. Zuk, W., Creep buckling of plates at elevated tempera- 
ero. Sct. 23, 6, 610-611 (Readers’ Forum), June 1956. 


ethod of analysis presented is a numerical method based 


tures, 


lifference equations modified to account for creep strains 
temperature softening of the material. The solution is an 
ve one, predicting deformation of the plate with time, load, 
perature history. From author’s summary 
3220. Klein, B., Rapid estimation of the elastic-plastic Euler 
buckling loads for simply supported tapered columns under varying 


oxial loading, J. aero. Sci. 22, 12, 873-874 (Readers’ Forum), Dec. 


mportant structural problem not given sufficient attention in 


erature is the buckling of tapered columns attached to sheet 

‘ith consequent variable axial loading. - Various methods exist for 

the calculation of these buckling loads. The approximate method 
snted here is direct, very rapid, yet sufficiently accurate and 


Narr 


icularlv suited for design. The assumed shear flow need not 


onstant in magnitude. From author’s summary 


3221. Sechler, E. E., Inelastic buckling—from a designer's 
viewpoint, J. aero. Sci. 23, 5, 500-506, May 1956. 
Paner discusses available information on inelastic buckling for 


imns, plates, and shells. Position with regard to plastic buck- 


1g of columns is considered satisfactory and basic concepts with 


feo 


‘gard to creep buckling of columns have also been established. 
Nuch js . ° e ‘ . 
Much information is available on plastic buckling of plates but 
nal test data, particularly for shear buckling, would be 


Yaluable. Much less is known about shells loaded beyond propor- 


‘ional limit, and inelastic buckling with creep for plates and 
hells 


is in the first stage of exploration. Author concludes that 
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research workers should find here an extremely fruitful field for 


research in the next few vears. 


W. T. Kotter, Hollan 


Joints and Joining Methods 


3222. Niskanen, &., On the distribution of shear stress ina 
glued specimen of isotropic or anistropic material, State Inst. for 
tech. Res., Finland, 25 pp., 1955. 

Reviewer is happy to see this addition to the scant literature 
available to guide the designer in adhesive joint stress analysis. 
Author examines stress distribution in variously proportioned 
wooden glued joints, of single- and double-shear types used in 
adhesive testing. Under suitable assumptions for specimen load- 
ing, approximate isotropic and anisotropic (birch timber) plane 
stress sulutions are found by Fourier analysis, omitting effect of 
adhesive layer stiffness. Latter is probably valid when layer is 
sufficiently thin and rigia, as in practice. Results are chiefly for 
double-shear specimen; glue-line shear stress for anisotropic case 
is quite different from isotropic case, former being generally more 
uniform along the joint. J. L.. Lubkin, USA 

3223. Demarkles, L. R., Investigation of the use of a rubber 
analog in the study of stress distribution in riveted and cemented 
joints, NACA TN 3413, 97 pp., Nov. 1955. 

Author’s exploratory experiments show that useful information 
about such joints can be obtained by loading foam rubber models 
within their linear range. To quote: ‘‘All deformations are greatly 
exaggerated.....and effects that might pass entirely unnoticed i: 
a metal specimen show up as factors to be considered when seen 
in rubber.’’ For adhesive joints, strains and stresses in the 
loaded models are approximated by measuring the displacements of a 
grid of squares drawn upon the surface of the models before load- 
ing. In the riveted modeis the grid is replaced by an array of lead 
nitrate-soaked threads, and by slender metal rods; displacements 
are obtained from x-ray photographs. Deformations and stresses 
are depicted and discussed at length. The test results and conclu- 
sions may not be wholly representative of conventional joints; how- 
ever, (1) although still in the linear range, the models sustain 
large strains, which the originals generally do not; (2) as author 
notes, foam rubbers do not constitute perfectly analogous materials 
when compression and shear (or both) are significant; (3) in the 
case of cemented joints, the models were bonded with a tvpe of 
latex adhesive having properties similar to the foam rubber (thus, 
conclusions may not be valid for the usual metal-metal joint, which 
employs adhesives considerably more flexible than the adherends). 

A stress analysis of an adhesive lap joint is given in an appen- 
dix; this is similar to Volkersen’s, but makes approximate allow- 
ance for adherend shear, as wel! as the adhesive shear and adher- 
end tension considered by Volkersen. Adherend bending and 
adhesive transverse normal stresses are omitted here. Considering 
the various approximations involved, the analysis gives reasonable 
agreement with the adhesive shear stresses found from the rubber 
model, in the range of linear deformations. However, reviewer 
feels that author errs in trying to apply a theory which assumes 
linear adhesive elasticity to the analysis of lap joint fatlure tests, 
without giving further justification. This is because there is evi- 
dence that highly inelastic behavior of the adhesive may be ex- 
pected under these circumstances [see ‘‘A strain gage for the 


1 


measurement of strains in adhesive bonds,’’ by ©. B. Norris, et al., 
For. Prod. Lab. Rep., U.S. Dept. Agric. No. TM-92, rev. Aug. 
1955; also AMR 9, Rev. 1786]. Author’s procedure amounts to 
curve-fitting the linear theory to the failure test data, thereby 


deriving ‘‘effective’’ values of some parameter, such as adhesive 


shear modulus. This is perhaps justifiable for design purposes 


when it is conservative, but author shows that it may be unreliable. 









Reviewer believes it better to design directly from test results, 
until a more systematic design procedure has evolved (preferably 
one taking account of adhesive inelasticity). 

Author also gives an order-of-magnitude discussion of the effect 


of adherend bending on adhesive stresses in lap joints. 


J. L. Lubkin, USA 


3224. Vreedenburgh, C. G. J., New principles for the calcula- 
tion of welded joints, Inter. Shipbldy. Progr. 1, 4, 200-223, 1954. 

Results of static tests carried out by the Netherlands F oundation 
for Applied Scientific Research are compared with Kist’s method of 
analysis, now adopted in the Netherlands specifications, and with 
results based on other limiting-stress theories. It is concluded 
that no known limiting-stress theory can explain the experimental 
results and it is proposed to adopt a purely empirical surface of 
revolution (‘‘pearoid’’) as surface of limit stresses. New proposal 
gives some simplification and economy compared with Kist’s 
method. Reason for failure of theories is thought to be nonuni- 
form stress distribution in weld. For fatigue loading, a tentative 


proposal is also made. F. J. Plantema, Holland 


Structures 


(See also Revs. 3194, 3201, 3205, 3213, 3217, 3221, 3245, 3248, 
3251, 3255, 3269, 3272, 3274) 


3225. King, J. W. H., and Jenkins, D. &., Effect of a stiff- 
jointed frame on its plastic collapse load, /:nvineer, Lond. 291, 

29, 320-323, Apr. 1956. 

In the ordinary theory ot plastic analysis it is assumed that the 


collapse load is not affected by the change ot the structure peome- 


try, necessary to develop the plastic moments of resistance. Pur- 


pose of this p to give an outline of a method introducing the 


} iper 1s 


ettect of trame distortions in the plastic analysis, and to show 


that distortions tend to decrease the collapse load under the lower 


round theory. 


of the ordinary 


] 


In order to illustrate the application ot the proposed method, the 


inalysis ot a double-bay, single-story trame is given. In the 
equilibrium equations are introduced the moments caused by the 
trame distortion. The working-out of the equilibrium equations to 
tind the exact solution is not given, but the results are quoted. To 
aii 6 aly: roximate sol s derived. takine 
implify the analysis, an approximate solution ts derived, taking 
into account only first-order displacements. 
The results are given in graphical form. The collapse diagram 


is given as an enclosed figure that represents plastic collapse in 


all its modes. Three diagrams are plotted: (a) Neplecting dis- 


cortions; (b) assuming a distortion 10% of the column height, or a 


b 


beam detlection 10% of the beam half span, and using the exact 


solution; (c) using tirst-order correction only. [1 igrains are piven 


aise 


tor another tour cases, including a portal frame carrying a 


tributed load. From the diagrams it is possible to conclude that, 


except in a small part of one diagram, the distortions tend to 
decrease the collapse load, and that first-order analysis pives 


practically the same results as the exact solution, at least tor the 


assumed 10% distortions. 

In reviewer’s opinion, the paper has a valuable theoretical 
interest, but trom the practical point of view it has a limitation 
in the process ot finding the distortions when the collapse is 


} 


imminent. lo do an accurate analysis would be a considerable 


task, not justitied if we consider that a precise calculation 
fepends upon many theoretical assumptions not fultilled in prac- 


rice. 


It we ponder that the strengthening action of strain-harden- 
ing, present in varying degrees for difterent structures, tends to 


compensate the weakening effect of distortions, the influence of 
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displacements would be of interest only in the case of very 
C. A. Sciammarella, Argentina 





slender frames. 







3226. Little, G., and Rowe, R. E., Load distribution in myl;j, 
webbed bridge structures from tests on plastic models, Muy. 
Concr. Res. 7, 21, 133-142, Nov. 1955. 

A multiwebbed bridge structure is one which is intermediate 









between the two extreme cases, i.e., a no-torsion prillage and , 




















































tull-torsion slab, considered in the load-distribution analyses. 
The theoretical interpolation formula which gives the distriburio, 
factors for this type of construction has been established by ¢h 
reviewer (I1.A.B.S.E. Publications, Zurich, Vol. 10, 1950 
188). 
Present paper gives the results of tests conducted on perspex 


1S 
1A 


» PP. 14's 


It makes use of a torsion parameter, d. 


bridge models, in order to determine the correct value of the 5 
parameter to be consistent with the assumptions of theoretical! 
analysis. It is concluded that excellent agreement with theory js 
obtained if the torsional rigidities are derived from consideration 
of only one cell of the over-all section of the bridge. This con- 
clusion applies to multiwebbed beam and slab bridges as wel! as 
to multicell box-section bridges. For this second type of bridge, 
one obtains erroneous values of parameter &% by basing its calcu: 
lation on the torsional stiffness of the entire multiweb box section, 
determined, e.g., by Wittrick’s formula [AMR 7, Rev. 1059]. 

C. Massonnet, Belgium 


3227. Eisenmann, J., Iterational calculation of multistory 
frames with sidesway (in German), Bauingenieur 31, 2, 61-67, 
Feb. 1956. 

Paper is a turther development of a method formerly publish: 
by the author | Bauingenieur 28, 6, 198-199, June 1953 |. The 
introduction establishes a relation between the difference \ x 
sidesway of two contiguous stories of the frame and the hori- 
zontal load acting on that story. The derived formula also in- 
cludes the angular rotations ~ arising at the column ends of the 
story investigated, which are unknown for the time being. There 
tore the differences A x of sidesway are determined by iteratio 
The first step of the iteration takes into account the angular 
rotations ~ with zero value or with some approximate value 
whereby the first approximate values ot displacements A x ar 


obtained. Afterward, the column end moments are calculat« 


whereupon moment distribution 1s executed at the joints. Wit 

the approximate moment diagram of the frame known, the initia 

values (p’of the angular rotations at the column ends can | ure 

corrected and thereby a point of start is found for the secor 

of the iteration. By continuing the procedure in similar steps 

values of \ x and ~ can be determined with any wanted prec: 
The convergence of the computation can be essentially in- 

creased—and this is the only novelty over the afore-men- 

tioned study of the author—if in the first step the angular rota 

tions | are assumed, instead of zero, with some more accuraté 

values. For the determination of these initial values, the orig! 

structure is substituted by a structure made statically determinate, 

and the angular rotations at the joints of this structure are tak 


t 


as initial values of ~*. The substitute structure is obtained fr 
the original one by inserting hinges in a way that the detormat 

of the substitute is similar to that of the original structure. 50 
errors of sign are corrected by the author in Bauingenieur 3}, 4. 


p. 156;. Apr. 1956. P. Csonka, Hungary 


3228. Schenker, L., The dynamic response of tall structures to 
lateral loads, Iroc. Engrs. 82, EM 2 (J. Engns 
Mech, Div.), Pap. 944, 13 pp., Apr. 1956. 


Author shows how to calculate normal modes of vibration ust! 
} ef 


Amer. Soc. civ. 


stiffness matrix and how to calculate damping coefficients » 


damping in each mode is known. Numerical examples of eac! 


SA 


method are presented. G. W. Housner, | 
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3229. Clough, R. W., On the importance of higher modes of 

n in the earthquake response of a tall building, Bui. 

“, Soc, Amer. 45, 4, 289-301, Oct. 1955. 

orhor presents numerical analysis of vibration of a tall build- 


jbratio 


7 


ro actual earthquake shock to evaluate maximum shear 


. ine 
1 1U 


c . ‘+h of the stories. Vibration mode shapes and frequen- 
sc of the building, which had been analyzed by Robin and Rinne, 
e is the basis of study, and response curves were com- 
. nly for the fundamental mode but for second and third 
‘ .. of vibration. Author defines effective values of response 
_sameters tor each vibration mode and computes total maximum 
E ear forces, assuming combination of damping coefficients for 
ee modes. It was found that consideration of second and 


odes of vibration means more than a small amount of in- 
,aximum shear forces in the building and that magnitude 
in lowest story becomes larger than those specified by 


} 


codes. K. Kasahara, Japan 


3230. Koiter, W. T., A new general theorem on shakedown of 
elastic-plastic structures, Proc. k. Ned. Akad. Wet. (B) 59, 1, 24- 


Further simplitication of the proof of Melan’s theorem on shake- 
own is first provided, followed by a proof that if the conditions of 


\elan’s theorem are satisfied, the total amount of plastic work 


on the structure is bounded. Author then proves a new theo- 
| shakedown, based on concept of ‘‘admissible plastic strain 


} ” 
Cy 


e compatible, i.e., correspond to displacement increments. 


which has property that plastic strain changes in one 


i 
reviewer’s) words new theorem is: ‘‘Structure will not 
wn, but will fail by plastic collapse under cyclic loading, 
{missible plastic strain rate cycle exists for which the 
external loads in one cycle exceeds the plastic work 
the other hand, structure will shake down if, for all 


e plastic strain rate cycles, the work done by external 


] ” 


ycle is less than the plastic work done.’’ New theorem 


ethod for finding upper bound tor shakedown load 


trasting with lower bounds furnished by Melan’s theorem. 


notes that for beams and frames an upper bound theo- 
simpler form and proof has already been applied, 
technique of combining elementary mechanisms as in 
se analysis; see paper by reviewer and Neal, AMR 5, Rev. 
P. S. Symonds, USA 


323). Jablecki, L. S., Analysis of the premature structural fail- 


ures in static tested aircraft, 7H, Zurich Prom. 2209, 101 pp., 


as had access to 409 static tests on aircraft com- 
ind fuselage assembly; horizontal and vertical 
ind landing gear) tor the period 1940 to 1945, in which 
ublies showed 56% failure expectancy, while the least 
he vertical stabilizer with 23%. Results are ot value to 


esigners. Additional tests were conducted by author on 


‘iced riveted joints (one plate-two straps) in tension, using 
train gages along the straps to note load distribution by 
rivet. Some tests were made on 20-rivet, but majority of 

tations were on 1]0-rivet, joints. 

r concludes that load transfer should be made as rapid as 

to prevent end rivets from deforming too tar in plastic 

Rivet load distribution was not linear. Plots based on 
e of ultimate load versus failure expectancy enabled 
letect good stress analysis and close designing; to 
verdesign; and to show mistakes in analysis. 

ctorate dissertation Contains numerous photographs and 
es indicating areas of trequent failures. References are not 
e, especially on riveted joints where passing comment ts 


repeated loads. Appendixes contain detailed summary of 


st results and nomenclature. 


H. Majors, Jr., USA 
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3232. Farinha, J. S. B., Calculation of structures depending on 
the degree of constraint imposed by foundations (Symposium of 
foundations, Pap. no. 1) (in Portuguese), Bol. ord. Engenhetros 5, 
8, 6 pp., 1956. 

A direct simple analysis of a problem of foundations in which 
complete and partial constraints are applied to superimposed 
structures. A detailed example is developed and solved for illus- 


trating methods proposed. J. M. DallaValle, USA 


3233. Franciosi, V., Limit analysis for nonproportional! loading 
(in Italian), Ricerca, Napoli 5, 3, 23-28, 1954. 

For expository reasons, the determination of the load tactor ot 
structure by limit analysis is usually discussed as it a common 
load factor applied to all loads [see, however, H. J. Greenberg 
and W. Prager, Trans. Amer. Soc. civ. Engrs. 117, 481-482, 
1952]. The present author points out that these methods are 
readily extended to the case where the load factor is applied only 
to some loads while the intensities of the other loads are tixed. 

W. Prager, USA 


3234. Morgan, V. A., Analysis of a parabolic arch of uniform 
thickness, Concr. constr. Engng. 51, 4, 335-343, Apr. 19506. 

General equations are derived which can be used in the design 
of arches of any rise-span ratio. The most usual case, where the 
rise is one-quarter of the span, is used here, and the stiffness 
ratios, carry-over factors, arch thrust, etc., are derived for this 
ratio to simplity the calculations. The properties of arches wit! 
other rise-span ratios can be calculated from the equations de- 
rived. From author’s summary by A. H. Finlay, Canada 

Book—3235. Kani, G., Prestressed concrete—its design and 
construction [Spannbeton in Entwurf und Aiisfuhrung} Scutrgart, 
Verlag Konrad Wittwer, 1955, xii + 573 pp. DM. 45. 

Author first works out differences between concrete, reinforced 
concrete, reinforced concrete with pretensioned steel, and pre- 
stressed concrete, and shows the new principle of the latter. His 
calculation of the creep rests upon a constant worth of material 
K = 0/€00, wherein o means the tension and ¢~ the deformation ir 
consequence ot creep without elastic and shrinking detormation. 
Based on the researches ot Freyssinet on shrinking, author calcu- 
lates shrinking deformation with « = oX?"/K, wherein o**" means 


the capillary tension in the pores ot concrete filled with water 


and K the same constant worth as above. After speaking about the 
elastic and plastic qualities of prestressing steel, author discus- 
ses the bonded material prestressed concrete in two examples: a 
truss post and an experimental beam loaded to failure. De- 
scription follows of the different prestressing methods used in 
Germany [see M6ll: ‘‘Spannbeton’’; AMR 8, Rev. 81.] 

Che next chapters treat statically determined beams and con- 


tinuous beams. Design formulas are given tor the first, and a de 


tailed example is computed for the dimensioning of the latter. The 


problem of the frictional losses in prestressing elements is shown, 


and an instruction is given on measuring the frictional coetticient 
during prestressing work. After chapters about the principal ten- 
sile stresses and the bond stresses, author shows an approximate 
method for the calculation of the ultimate moment. Further, he 
treats bond action of concrete and prestressing elements. Finall 
some constructive peculiarities are described which have to be 
considered when a prestressed building is designed. 

The qualities of the basic construction materials are explajned 
only briefly, as they can be found in many other books. In con- 
trast, a complete view is given for the methods ot calculation and 
dimensioning and the construction principles. Author, having con- 
structed large buildings of prestressed concrete himself, states 
general rules as well as his own thoughts in clear terms so that 
the book is not only usetul for consulting but also tor study. 


G. Brandes, Germany 










3236. Sievers, H., State of stress in the region of anchoring 
plates of stressed elements in prestressed concrete constructions 
enteur 31, 4, 134-135, Apr. 1956. 


I I i ° , al? 


f an earlier proposed equation tor the posi- 
int compression forces 1m the anchoring piate 
two equal and sviametrical single torces 


ll. 
uSUalLlLY as- 


6, Rev. 89]. In that pay 


er, author replaces the 


irabol curve in exponential curve. The length of the 
ful 1 re mis assumed to be equal to the height ad of the an- 
we. {fhe proposal yields the result that the steel! re- 
nts which carry the tension forces normal to the load di- 
{ i be centrated in a region smaller than 0.2d trom 
ter surtace ot the plate. Author extends these considera- 
for ant etr l and unsyrametrical loading conditi 
ive t i i the equation tor the resultant tension torce 
i e reintorced-concrete plate. 
F. M. Mueller, USA 


3237. Nikitin, Ya. A., Examples of spillways damaged by silt 
22, 10, 12-14, 1953. 


load i 1 n3. % drotekrh, Strotrt. 


3238. Mironov, S. A., Frost resistance of concrete for hydraulic 


Strott, 23, 1, 35-39, 1954. 


work (in iu ran), GildrolerRr, 


3239. Howe, D., An approximate solution to the swept wing root 


constraint problem, (o//. sero. Cranfield Rep. 98, 14 pj L tte., 
| 
A ithe veptback recta ilar box bea with str er 
i Wn ( aced negid ribs. Usu yblique co- 
rdinates, he a imes the spanwise direct stress in the skin to 
wry parat olic illy in chor iwise direction, the coefficients of the 
1adratic expression in the chordwise coordinate being three un- 
te ¢ runcti1or Of the spanwise coordinate. by using Casti- 
lrano’s theore ot nimium strain energy he derives second-order 
terential lations for these functions. Solution of these, au- 
r claims, agrees with experimental results tor the root con- 
Lunts, D. Williams, England 


3240. Stein, M., and Sanders, J. L., Jr., A method for deflection 


analysis of thin low-aspect-ratio wings, NACA TN 3040, 65 pp., 
lune ] 

In cas 1t a low-aspect-ratio wing, bending and torsion are not 
incoupled, and there appears the additional con plication of chord- 
wise bendin \uthors present method for obtaining itntluence co- 
etticitents tor thin low-aspect-ratio wings ot built-up construction. 
(hordwise detlections are assumed to be parabolic (or linear) and 


the principle otf minimum potential energy is used in conjunction 


litterenc 


with e equivalents to obtain an appropriate set of equi- 
itbrium equations. Sy mmetric and antisvmmetric load-support con- 


firions are considered and account 1s taken of attachment to a 


tlexible tuselape. Computations in matrix forms are suitable tor 


peed computing machines. Reterence 1s made to previous 


Nign-St 


> 


Schurch, D. Williams, R. 


}. Polivka, USA 


research inthis field by S. Levy, H. | 


li. MacNeal, and k. Reissner. }. 

3241. 
structures analysis, \'niv. Roma, Scuola di Ingeyneria Aeronautica, 
2, 169 pp. 1955. 


’ 
In monocoque aircratt, tapered shells reinforced 


Broglio, L., Balance method in advanced aeronautical 


Rome, SIARgraph no. Feb. 


with lonpitudi- 


nal stringers trequently occur. Up to now, existing methods of 


analysis have been too inexact or too cumbersome tor efficient 


practical design. This report shows how to apply a ‘‘balance 


t 
method’’ (developed in a previous report, no. 1 of the series) to 


these highly redundant structures. The method consists of divid- 


inp the applicable equations into two groups, those in the first 





and the static equivalence of the str 





tribution to the external loads, and the second include 






juations ot equilibrium. lu 


The problem is then red 
t 






superposition of two otner loadings, one ot which cons 





1 7 
Locally 


The other is 





balanced groups of torces. deduced fr 






} ' ° 4 
issumea distortion parameter Dy successive applicati . 32 






sets of equations, and determines the first, which prob] 


The entire solut; 





solved by successive approximations. 

























































reduced to a series of simple numerical operations. 
The 


metric shells with many stringers, and to unsymmetrica 


iaethod 1s applied to shells with four stringers, t 


4 


Numerical examples and graphs are ji 


A. D. Toy 


lar box sections. 


3242. Cadambe, V., and Krishnan, S., Note on the minimum. 
weight design of thin-walled cells in combined bending and toy. 
aero. Soc. 60, 541, p. 71 


sion, /. roy. (Tecnnical Notes 


iY y 


Rheology (Plastic, Viscoplastic Flow) 
(See also Revs. 3219, 3220, 3230, 3233, 3256, 345: 


of \ 


3243. Drucker, D. C., On uniqueness in the theory of plasticity 
14, 1, 


liscusses uniqueness of 


istic-plastic materials. 


luart. al pl. Math 


i 35-42, Apr. 1956. 


general boundary-value 


irious e] After reviewing ex 


ueness proofs, author sketclt 


1es an alternative viewpoint ' 


¢,. f ” 


oof in words. Reviewer could not follow reasonir 


ideas 


r 


piores and proof pre 


author’s failure to express his 
mathematical terms so that adequate assessment and di 


are poss1D 


Argument appears to depend in part on a previous 
nodynamic postulate’’ of author: if additional forces are 


/ } } 1 } ° } } 
an already loaded work-hardening solid and are then rei 


work done by these additional forces in such a cvcle car 


negative. Reviewer knows of no general thermodynamic 


relating I 


to the work done by only some of the acting force 


tinds the postulate without compulsion. Author claims t 


late validates conventional assumption that plastic stra 


vector 1s normal to yield surface; reviewer considers tha 
sumption nha 


ent advantage. R. Hill 


merely been replaced by another without 


3244. Wahl, A. M., Analysis of creep in rotating disks based o 


d¢ 


the Tresca criterion and associated flow rule, /. app/. Mec! 
231-238, 1956. 


his paper presents a correlation of actual creep in ro! 


June 
disks with theoretical analyses. Of the three analytical pr 
dures used, two are considered to be of practical value. 
is based on the maximum shear, or Tresca criterior, and the 
ond combines the flow rule associated with the maximum 
theory. The second method is shown to be much simpler t 
but in reviewer’s opinion it does not produce as good a corrté 
as the first method. The second method yields curves of 
shape than the actual data, and while crossing the actual 
scatter bands at certain points, extrapolation would be ext! 
dangerous. Disks under three conditions are considered: 
Stant temperature and constant thickness; (b) constant te! 
ture and variable thickness, (c) variable thickness and varia 
temperature. 

he analyses are applied to steady-state conditions as 
to transient changes in stress. Good correlation is evidenc' 


that 


especially with the first method. Although it is realized tha 












’ 


aly an approximate solution, both methods are con- 
-ieeeg by the author as usable to provide design data. 
A. D. Schwope, USA 





3245. Rozenblum, V. |., Calculation of creep of a diaphragm in 
: high-pressure stage of a turbine (in Russian), Inzhener. Sbornik, 
bia - ad. Nauk SSSR 20, 49-54, 1954. 
. rrelates approximately the creep behavior of a rod in 
m _onle tension test with that of combined stress in a semicircular 
e supported at the outside edge and loaded by a constant 
stributed load. Such a plate is a model of a turbine 


or derives: (1) Formula for normal tensile stress Gy in 
vhich corresponds to the tensile stress in the test rod; 
inimum.- formula for creep rate 2) corresponding to 09; (3) formula for 
GN tor. simum deflection rate Umax for a given z,. Deflection S of the 
ime t is, of course, S = Uma, t. 
T. Leser, USA 


| 3246. Grigor’ev, A. S., Bending of circular and annular plates 
low) | of varying thickness beyond the limits of elasticity (in Russian), 
ener. Sbornik, Akad. Nauk SSSR 20, 59-92, 1954. 


r investigates plates described in the title in axisymmetric 


AC 
+ 


a ee nditions of loading and support. The normal loads are constant 
istributed and a number of cases, where plates are of constant 
ss, of variable thickness, are freely supported or rigidly 
pported, are dealt with separately. Plates are made of material 
es not possess a yield region. Author derives equations 
iations and stresses in the plastic region which can only 
i tothat part of the plate which is in plastic equilibrium; 
e necessity to determine which part of the plate is in 
jutlibrium, and which in plastic equilibrium. Thus the 
id to find a criterion for that. Solutions in closed form are 
proximations; more exact solutions can be obtained numerically. 
»f error and conditions under which author’s method is 


are also presented. T. Leser, USA 


3247. Berio, A., An elastoplastic-viscous phenomenon of solids 
Ist. Lombardo Sci. Lett. Rend. Cl. Sci. Mat. Nat. (3) 
18 (87), 295-355, 1954. 
per begins with a survey of stress-strain laws proposed 
i1uthors to describe the isothermal mechanical behavior 
[he present author seems to object to the fact that each 
laws stresses some effects and neglects others. He pro- 
stead, a single law that incorporates elastic after-effect, 


}ased on ty, and plasticity including work-hardening and Bauschinger 


w 


Ro 


W. Prager, USA 


3248. Horne, M. R., The elastic-plastic theory of compression 
members, J]. Mech. Phys. Solids 4, 2, 104-120, Feb. 1956. 


ixpressions are derived for curvature of initially straight pris- 
members of ideally-plastic material with upper and lower 
int and of rectangular cross section subjected to axial 
‘1 and bending moment. Results are applied to analysis of ec- 
ntrically loaded struts with pinned ends, fixed ends, and elas- 
restrained ends. 
shown that, for pinned ends, collapse load of struts is 
to yield load for slender members and somewhat above this 
r stocky struts. For fixed ends, ccllapse load bears no re- 


» yield load. G. G. Meyerhof, Canada 


3249. Gol’denblat, I. V., Theory of small elastoplastic deforma- 
tions of anisotropic media (in Russian), Izv. Akad. Nauk SSSR Otd. 
rk). Nauk no. 2, 60-67, Feb. 1955. 








Author points out Ilyushin contributions which formed the back- 
ground for this investigation. According to Ilyushin, anisotropy is 
a cardinal factor in the development of deformations under a com- 
posite loading. Author states that the use of anisotropic materials 
in contemporary technology would require generalizations in the 
theory of small elastoplastic deformations for anisotropic media. 
Before this theory could be developed for materials with variable 
anisotropy one should start with constant anisotropy. Author re- 
views certain general relationships for isotropic and anisotropic 
media. Further, author considers that presently this theory is 
based on two fundamental propositions from which may be derived 
all the equations pertaining to this subject. The first of these 
laws implies that the volumetric deformation is elastic in a sense 
of classical theory of elasticity; and che second law assumes the 
existence of a strain potential. Author indicates that the stress 
intensity is a function of strain intensity only. Hence the strain 
curves must be on a cylindrical surface. Author presents relation- 
ships for the theory of small elastoplastic deformations. Originally 
these equations were given by Ilyushin. Author develops a second 
form of these equations which, in mathematical sense, are equiva- 
lent to the first form except that the second form is more con- 
venient for transformation into anisotropic media. Author employs 
general properties of tensors for the development of the relation- 
ships for the small elastoplastic deformations of anisotropic ma- 
terials and also discusses invariants and the uniqueness of ten- 
sors pertaining to this problem. V. A. Valey, USA 


3250. Tyabin, N. V., Theory of anomalous viscosity in disper- 
sion systems (in Russian), Zh. tekh. Fiz. 25, 2, 339-350, Feb. 
1955. 

Paper considers characteristics and classification of non- 
Newtonian fluids with a general dependence of shearing stress on 
transverse velocity gradient. The general relation is approximated 
by several segments of straight lines, each leading to a viscosity 
(slope), and a ‘‘critical stress’’ (abscissa of point of intersection 
with segment to left on conventional diagram). Paper proceeds to 
develop the application of this representation to Poiseuille flow 
and gives (the rather trivial) explicit formulas for velocity profiles 
and rates of flow for a two-segment, a three-segment, and an n- 


segment approximation. J. Kestin, USA 


Failure, Mechanics of Solid State 
(See also Revs. 3224, 3231, 3237, 3256, 3459) 


3251. Paoli, R., Nuclear explosions and strength of material (in 
French), Ann. Ponts Chauss. 126, 2 


Author reviews and summarizes a large number of mathematical 


» 127-162, Mar.-Apr. 1950. 


relationships that relate to the effects of bomb blasts against 
structures, In each case he goes to considerable effort to provide 
background material on how the relationship was established, The 
compilation should prove extremely useful and illuminating to any- 
one concerned with the design of structures to withstand blast. 


J. S. Rinehart, USA 


3252. Chenea, P. F., and Roach, A. E., A mass and energy bal- 
ance for the wear process, Lubrication Fngng. 12, 2, 123-125, 
Mar.-Apr. 19506, 

After deriving an analytical expression for the rate of wear on 
the assumption that densities of the original material, the worked 
surface, and the wear particles are approximately equal, authors 
conclude that ‘‘as might be expected, it is necessary to introduce 
a very small coefficient on the right side in order to obtain reason- 
able agreement with experimental data.’’ In fact, experimental 
evidence is available that, in the region of the validity of Amon- 
tons’ law, the work spent on abrading matter is a small proportion 
of the total frictional work. R. Schnurmann, England 





Material Test Techniques 


3253. Strella,.S., Vibrating reed test for plastics, ASTM Bull. 
no. 214, 47-49, May 1956. 
Author describes a new vibrating reed method for obtaining the 


} 


lynamic modulus of solid plastics, 


From author’s summary 


3254. Barwell, F. T., Methods of testing reinforced plastics, 
Parts | and Il, Aero. Res. Counc. Lond. Rep. Mem. 2702, 34 
1954, 


Pps, 
\n experimental comparison has been made between five types 

of tensile tests including novel types designed to enable axial 

loading conditions to be approached more readily than is the case 


with established methods. Examination of the results of two hun- 


fred and forty tests indicates that significant differences can oc- 


cur between the results of different tests and that there is also a 
significant variation between the properties of material cut from 
s of the same sheet. 

} 


lifferent part 


It is concluded that the results, obtained when testing paner- 


base material by novel methods, are sufficiently good to justify 
levelopment of a simplified apparatus of similar type for general 


use, From author’s summary 


‘3255. Botman, M., Shear tests on 24S-T unstiffened and stiff- 
ened webs with flanged holes. Part 2, Var. Luchtlab. Amsterdam 
Rap. 5.446, 33 pp. + 19 tables + 38 figs., 1955. 

Report contains the results of tests on 32 specimens, being an 
extension of the tests described in AMR 7, Rev. 1769, 
lhe 


ultimate allowable stresses are presented in the form of nondimen- 


same test methods were employed. The buckling, yield, and 


sional diagrams. The initial effective modulus of rigidity is also 


lerermined, Results are compared with the results of tests on 52 
specimens described in AMR 7, Rev 


of comparable tests on 84 other specimens. 


1769, and with the results 
lhe agreement ts in 
general good, except for the effective modulus of rigidity. 


From author’s summary 


3256. Tabor, D., The physical meaning of indentation and 
ippl. 7, 5, 159-166, May 1956, 


Indentation testing is an essential tool in control of engineering 


scratch hardness, /iris. |. Phys. 


production. Yield streneth of metals can be measured nondestruc- 


l 


tively nall plastic indentations using hard indenters. Pyra- 


idal 


indenters give hardness 


e.g., Vickers, Firth, Knoop) and conical (Rockwell, Avery) 
values sensibly independent of penetra- 


tion, through geometrical similarity of impressions. Spherical 


e.g., rinell) indenters give results dependent on penetration at 


larger penetrations, from which work-hardening ability of metal can 


be estimated, 


\uthor shows Vickers hardness number is experimentally about 


three times yield stress of metal; also that in work-hardening metal 


the average strain (always constant) caused by pyramidal indenter 
iy be approximately added to work-hardening (longitudinal) strain 
originally present. 


\uthor’s relation of the Mohs 10-step mineral scratch-hardness 


le to measured in lentation hardnesses is of interest. I Ser: of 


scale might now profitably consider its replacement in 


boratory by indentation-hardness measurements which can be 


/ 


precisely measure 


Keviewer notes author’s experiments show indentation pressure 
Vickers square pyramid) 1s about 6,0 shear strength of metal 

hear strength 1/2 yield strength in compression or tension). 
This may be compared with theoretical values of 5.69 « shear 


srreneth smooth flat circular punch on a flat plasticerigid sur- 


for a 


face, and Prandtl’s value of 5.14 » shear strength for a flat long 
tri uncl Author’s quoted comparisons between Vickers and 
noop (elongated pyramid) hardnesses on minerals suggest Knoop 
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or 


hardness is about 80% of Vickers hardness, corresponding 


3} 
an 


4.8 « shear strength. This seems a low result, being below eat 





Prandt! strip value of 5.14 times, but is partly accounted for } 






Knoop impression being seven times its width, 































































Further experimental and theoretical work is desirable to re! ,, 
yield stress hardness number ratio more precisely to various 32 
shapes of indenter, and to the failure strain and work-hardeninp ence 
properties of the metal. 

Value of paper would be enhanced by consideration of effect. 


different ratios of Young’s modulus to shear strength. In alli, 





field of soil mechanics, that ratio has been shown [Skempton 


Build. Research Congr., Div. 1, p. 183, 1951] to exercise marke 
influence on penetration resistance, 


I. K. Chaplin, Englan: 


Mechanical Properties of Specific Materia|; 
(See also Revs. 3222, 3223, 3238, 3254, 3256, 3397, 3452 


Book—3257. Miner, D. F., and Seastone, J. B., Handbook of chit 
engineering materials, New York, John Wiley & Sons, Inc,: ofa 
London, Chapman & Hall, Ltd., 1955, xi + 1380 pp. $17.50. thre 

This is a valuable addition to the Wiley Engineering Hand | 
Series. It covers a remarkably broad field considering its size, f ( 
which is comparable to that of the ‘‘Handbook of engineering funds 
mentals’’ edited by Esbach. The method of indexing is not un- 
like that of Esbach and appears to be very adequate. ) 

Due to compactness, it does not pretend to be as complete f 0 
other individual references which specialize in particular clas 
of material. Nevertheless, the thoroughness with which it has 
managed to cover all types of engineering material should ma re 
an invaluable sourcebook for every engineer. 

It is divided into four major sections, namely: (1) General in- 
formation, (2) Metals, (3) Non-metals, (4) Construction materials 

The first section covers the fundamentals of materials specifi- ‘ 
cation and the physical properties of gases, liquids, and solid 
It includes an outline of statistical sampling methods as wel 
definitions of the various arbitrary gaging systems for wir 
sheet metal. Conversion tables are included between vari . an 
mensional systems for all conventional engineering quantit: 

The section on metals has individual articles on the ferr 
group, aluminum, magnesium, copper, zinc and nickel, as » 
separate article covering the basic property of all other pur 
metals. This last section is worthy of special mention be: 
includes brief statements on the source of supply, approximat: 
cost, availability, and properties of even the very rare metal 
example, cesium, hafnium, etc., which are not likely to be r 
available to the nonmetallurgical engineer. 

Information is given on the important properties of metals, 10 
cluding methods of fabrication, machinability, etc., as well a 
heat-treating techniques, joining techniques, alloys, and phy 
characteristics such as chemical, electrical, and corrosion prope™ 
ties. The degree of detail is roughly proportional to the inc 
use. 

The section on nonmetals is remarkably comprehensive 
ering that it comprises only 500 pages. Materials covered 1! 
wood, paper, fibers, plastics and rubbers, fuels, lubricants, 
trial chemicals, ceramics and glass, carbon products, and or 
finishing materials such as paints, The data in this sectior 
comparable to those of the metals section insofar as the sa’ 
techniques are applicable. Structural properties, temperatur' 
acteristics, basic chemistry, electrical properties, etc., ar 
cluded. In general, sensitivity to decay, fungus attacks, et 
to replace data on corrosion. 

The final section includes basic data on construction mat 


such as concrete, timber, rope, and asphalt, while it out lin: 








Ng to al csles for using these materials in civil engineering construc- 
? ADOur princips 


2lOW even ".. such as highways, buildings, foundations, etc. 
d for by F aenteunet recommends the book highly as a general source. 
. C. D, Pengelley, USA 
3258. Bhagavantam, S., and Murty, Y. K., Temperature depend- 
ence of photoelastic constants in plastics, Proc. Indian Acad. 
1) 42, 4, 203-209, Apr. 1956, 


Mechanics of Forming and Cutting 
(See also Revs. 3231, 3387) 


Book——3259. Blanpain, E., Theory and practice of cutting tools 
Theorie et pratique des outils de coupe |, Paris, Fditions Fyrol- 
les, 1955, 642 pp. 4,300 Fr. 


’ 


terials 
3452 


[he book is a kind of machine shop encyclopedia. Its theoreti- 
| part describes successively: tool geometry, materials and fab- 
nication, (including heat treatment); machinability and tool wear; 


ook of -hip-breakers and selection of best machining conditions. Its 


; sractical part discusses various machining operations: turning and 
D. she 


wad 


ead cutting; planing and shaping; drilling, reaming, tapping, and 
indo oo} ling; scrapping and broaching. The book ends with a discussion 
$1ze, t cutting fluids, tool grinding and trouble shooting. 
\n asset of this book (winner of the first prize granted for a 
rechnical book by French Federation of Mechanical Industries) 
}) consists in the systematical survey of most important machining 
ere a f voolems. This survey attempts to build a bridge between machin- 
las ag theory and practice and can help any tool or production engi- 
has aeer a lot; this in spite of the fact that bibliographical references 


L, ] 
Ougnh (Cool 


wear by micro-weldability; film lubrication; tool life 
French and American contributions 


al ins riterion; tool housekeeping). 
ertals to machining knowledge are stressed; some German, British, 


. ind even Russian contributions are also listed. 
olid A. Niedzwiedzki, USA 


3260. Hahn, R. S., The relation between grinding conditions 
and thermal damage in the workpiece, Trans. ASMF 78, 4, 807- 
1956. 


based upon observations concerning the influence of grinding 


1€S, 812, May 


riables on the thermal damage in workpiece, author formally pro- 
sed a ‘‘rubbing-grain’’ hypothesis for grinding. Among the sev- 
ral experimental evidences analyzed are: (1) Lower surface tem- 
ate erature accompanied by high work speed; (2) lower ratio of tan- 
ential to normal force of the grinding grit as compared with that 
ead ta single-point tool; (3) higher rate of metal removal with a fast 
sed wheel; and (4) the effects of wheel-work conformity. The 
, ine asic features of the hypothesis were introduced in an earlier 
paper by the author [AMR 9, Rev. 770]. 
“‘rubbing-grain’’ hypothesis differs, in many respects, from 
‘he conventional theory which treats the grinding process as es- 
tr entially a milling process, but on a microscopic scale. However, 
ated out by Dr. Reichenbach, one of the discussers of the 
paper, nearly all the phenomena observed by author could be ex- 
‘ined satisfactorily by the conventional theory. 
B. T.. Chao, USA 
3261. Colwell, L. V., The effects of high-frequency vibrations 
in grinding, Trans. ASMF 78, 4, 837-846, May 1956. 
er deals with a pioneering study of the influence of high- 
ncy vibration in grinding. The work specimens are vibrated 
y to the grinding wheel by means of an ultrasonic transducer 
plitudes up to approximately 0.001 in. and at frequencies 
between 10 and 18 kcps. Significant desirable effects in- 
lude better surface finish of the workpiece, lower surface tempera- 


ture, reduction of residual stress and, consequently, less danger 


of cracking. On the other hand, grinding under such vibrating con- 
ditions results in a lower grinding ratio, i.e., more rapid wheel 
wear. It is anticipated that commercial applications of certain 
grinding operations could be made immediately with little develop- 
ment effort. 

While the results reported are preliminary in nature, with very 
little analysis given, reviewer believes that this paper opens up 
a new and potentially useful field for further detailed study. 

B. T. Chao, USA 


3262. Kliever, W. H., Automatic machining—oa view and a pre- 
view. Part I, Control] Engng. 2, 9, 112-126, Sept. 1955. 

3263. Kliever, W. H., Automatic machining—a view and a pre- 
view. Part Il, Ways to measure position and size, Contro/ lngny. 
2, 10, 84-89, Oct. 1955. 


3264. Kliever, W. H., Automatic machining—a view and a pre- 
view. Part Ill, Ways to measure position and size, Control Engng. 
2, 11, 77-93, Nov. 1955. 


3265. Peszkowski, S., Measurement of surface finish by the 
method of pneumatic integration (in German), Feingeritetech. 3, 7, 
299-304, July 1954. 


Hydraulics; Cavitation; Transport 
(See also Revs. 3237, 3288, 3300, 3302, 3347, 3358, 3444, 3453) 


3266. Ehrich, F. F., Some hydrodynamic aspects of valves, 
ASME Ann. Meet., Chicago, Ill., Nov. 1955. Pap. 55=A-114, 7 
+ 13 figs. 


PP- 


Free-streamline potential-flow analysis is used to analyze the 
flow regulation in two-dimensional valve configurations. Experi- 
mental data are reported which evaluate the accuracy of some ot 
the derived expressions and also evaluate the possibility of apply- 
ing the results to three-dimensional, axisymmetric configurations. 
An analysis is also carried out to evaluate the dynamic forces on 
the moving element of a flapper valve resulting from the motion of 
the fluid. Equivalent spring force and damping force are detected 
as well as some unstabilizing influences of negative damping and 
negative apparent mass. 


From author’s summary by H. A. Einstein, USA 


3267. Daily, J. W. and Johnson, V. E., Jr:, Turbulence and 
boundary-layer effects on cavitation inception from gas nuclei, 
ASME Ann. Meet., Chicago, Ill., Nov. 1955. Pap. 55-A=-142, 14 pp. 

10 figs. 

Recent researches on the inception of cavitation in a liquid me- 
dium point to the conclusion that the usual cavitation parameter 
Kis inadequate as a scaling law. This statement is confirmed by 
the investigation at the MIT Hydrodynamics Laboratory carried out 
by authors, using a small water tunnel with controlled air content. 
In this way an essentially two-dimensional tlow was investigated 
of water containing a dispersion of gas bubbles as nuclei tor cav:- 
tation. A great number of high-speed motion picture trames were 
taken of cavitation near the minimum pressure region and upstream 
of this zone. As a conclusion to their observations, authors state 
that cavitation starts gas bubbles in the fluid; these bubbles will 
become unstable at a pressure less than the vapor pressure by an 
amount depending on the nuclei size. Only if relatively large gas 
nuclei are present, does incipient cavitation occur when K is at- 
tained, that is, at or near the vapor pressure. Authors state also 
that Cavitation is incipient near the center of the turbulent bound- 


ary layer as a result of large vortical eddies which pull gas nuclet 
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to their centers. They are of opinion that the main source of mac- 
roscopic gas nuclei is the hydrophobic boundary material; the un- 
lissolved yas volumes, trapped in its crevices, will grow at suf- 

ticiently low pressures to be swept away as small gas bubbles by 
the passing flow. Dissolved-gas content should have little or no 
ettect on K, for small bodies with steep pressure gradients tested 
h velocities. 


it hi Following these lines, a new formula for the 


incipient Cavitation index AK. is presented, as a sum of a minimum 
pressure-drop coefficient, a pressure-drop coefficient due to tur- 
bulence, and a pressure coefficient containing the effect of gas- 
nuclei size. A. Ghetti, Italy 

3268. Matthews, C. S., and Lefkovits, H. C., Studies on pres- 
sure distribution in bounded reservoirs at steady state, J. [efr. 
Technol. 7, 11, 182-189, Nov. 1955. 

In an earlier paper |Trans. AIME 201, p. 182, 1954; T. P. 


by first author and others, a method for determining average pres- 


3876] 


sures of drainage areas in a bounded reservoir was presented; but 
ictual irregular areas had been replaced by symmetric areas. A 
question of accuracy remained. 

Chis paper investigates the accuracy through two attacks. First, 
Southwell’s relaxation method is applied. Second, a model, con- 
sisting of ingenious adaptations of sandbed fluid mapper tech- 
niques, showed actual areas, and analyses of the flow patterns 


vave a check onthe relaxation results. 


Che accuracy of the method of T. P. 3876 is found good enough 
to merit use with some confidence. Suggestions are given for esti- 
mation of drainage areas and for squaring-up of the areas. 


4. D. Moore, USA 


3269. Yagodin, N. N., Silting before dams and operation of 
pewer plants (in Russian), Gidrotekh. Stroit. 24, 8, 25-28, 1955. 


3270. Smolyaninov, N. T., Local scour in the tailwater (in 
Russian), Gidrotekh, Stroit. 24, 8, 32-34, 1955. 

Several inconsistencies of the Vyzgo method [AMR 8, Rev. 1711] 
are demonstrated. Author offers his own method, based on the re- 
lationship between the bottom velocity and admissible velocity tor 
l-m depth, corrected by a factor for influence of stream pulsation 
in exponential form. Rules for use of this method are described. 


S. Kolupaila, USA 


3271. Gratsyanskii, M. N., Wave action on overflow dams (in 
Russian), Gidrotekh. Stroit. 24, 7, 31-35, 1955. 

Measurements were made on a 1/S .cale mode! of the Kuy- 
bitschev dam for the influence of traveling waves upstream of the 
dam. The shape and velocity of these waves are argued to be con- 
stant, the transport over the dams is shown to change only by the 
change of water level upstream, the flow velocity is not changed. 
If the wave amplitude is of the same order as the water height 
above the dam, the transport over the dam for rising wave is 
greatly different from that for falling wave. Semi-empirical for- 
mulas are given (from experiments) for transport in presence of 
waves (dimensionless by transport without waves) expressed in 
water-wave height upstream of the dam, neglecting kinetic energy. 
Mean coefficient of transport checks well with experiments. From 
the transport, water height downstream of the dam can be calcu- 
lated by Bernoulli’s law and the momentum equation. 

It is recommended to take account of the effects of these wind- 
generated waves upstream and to compare them with model experi- 
ments in the construction of new dams. 


' R. 


Timman, Holland 


3272. Dadabaiev, K. B., Means for protection against scour in 
tailwater (in Russian), Gidrotekh. Stroit. 24, 7, 40-42, 1955. 

Description is given of a spillway of 600m*/sec capacity, 432-m 
length and 17-m difference between the headwater and tail water 


/ 


elevation. High speeds and whirlpools of a high water of 395m? 
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sec have caused scouring and destruction of the apron in a Jeg, 
KAD 







of 64m. A subsequent model test showed full agreement between 






the effects in nature and in laboratory. Thus it was possible ;, 






design with confidence the reconstruction works on basi 


Of fur. 


ther model tests. One row of baffles in the parabolic downstrea, 







face of the spillway and four dividing walls on the apron assure; 





the submergence of the hydraulic jump and the prevention of the 







whirl pool. In addition, an 8-m deep cut-off wall at the end sjj| 






was recommended as well as the protection of the banks to a 
length of 40 m behind it. [See also AMR 8, Rev. 1711.]| 
hss Suklje, ¥ ugOSlavia 

















































3273. Kartvelishvili, N. A., Stability in general in stationary 


regime of water-power plants with equalizing reservoirs (in Rus. case 
sian), Inzhener. Sbornik, Akad. Nauk SSSR 20, 25-30, 1954. ary | 

3274. Karadzhi, K. M., Computation of the cover of hydraulic - 
gates (in Russian), Gidrotekh. Stroit. 22, 11, 32-34, 1953. tec 


Incompressible Flow: Laminar; Viscous 


(See also Revs. 3193, 3250, 3266, 3268, 3299, 3303, 3304, 3308, et 
3311, 3314, 3319, 3320, 3332, 3341, 3343, 3358, 3391, Re 
3393, 3403, 3404, 3421, 3444, 3445, 3447, 3448, 3450) 


3275. Bazer, J., and Karp, 5. N., Ona steady-state potential po 
flow through a conical pipe with a circular aperture, J. ration an 
Mech. Analysts 5, 2, 277-322, 1956. sé 


Incompressible inviscid flow through a truncated circular cone 


extending to infinity is considered. It is assumed that the onl) 


singularity is a source at infinity inside the cone and a sink of ' 
equal strength outside the cone also at infinity. The solution of nis 
the Laplace equation with the adequate boundary conditions is o+ 28 


tained 


in form of integrals of infinite products of Legendre func- 
tions. Related functions and the necessary transformations are 
discussed on 30 pages. Finally, a uniqueness proof of the solut 

iS given. 

Reviewer can conceive that the discussions could be of interes: 
if new mathematical methods or transformations have been us¢ 
this could not be verified. The uniqueness proof is unnecessan 
since the uniqueness proof of the Laplace equation in a simp) 
connected region is given in text books (for instance '‘Methoder 
der Math. Physik’? Courant, R., and Hilbert, D., 2nd ed., 1937, : 
Vol. I, p. 274 ff). 


since fluid flow does not behave that way in the region of interest : 


The solutions are of little interest in fluid fl 


namely near the aperture of the cone. However, the solutions might 
apply to other physical phenomena such as flow of electricity 
H. P. Eichenberger, USA qm 


3276. Martinek, J., Yeh, G. C. K., and Zorn, H. ©., Theoretico! 
studies of wake and thrust deduction. A contribution to potertic! 
theory in three dimensions, Reed Res. Inc., Washington, DP. ‘ 
Proj. RR 815 B, Final Rep. 11, [David W. Taylor Mod. Basin Cont 
No. 1445(00)], 157 pp., June 1955. 

The studies leading to this report were performed to provice 
mathematical basis that will enable naval architects to estimaté 
the interaction between a propeller and a ship. In this report the 
ship is represented by a sphere and the propeller is represente: 
singularities outside the sphere. Thus the problem reduces « the 
following situation: given the potential due to a distribution of 
singularities outside a spherical region of radius find the po- 
tential caused by the image system corresponding to these sing 


larities such that the normal derivative of the potential is zer 
. ° hle 
The solution for this probiem 


on- 


the surface of a sphere of radius &. 
is given by the Weiss exterior sphere theorem which may be « 






. . . . . ™ Tn 
sidered a generalization of the Milne-Thomson circle theorem. 
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ame cases it is more convenient to treat the inverse problem, and 


4f this report contains a proof for the ‘‘interior sphere theo- 
I of t po 


cnap. 


un i.e., given a potential of a total mass zero lying inside a 


here of radius X%, find the distribution of images outside the 
that the normal derivative is zero on the sphere. 


-nnere such 
: haps. Il and III, a number of specific examples are calcu- 


ved in detail, and in chaps. IV and V, the interaction between 


sate’ 


ue phere and the singularities is derived for a number of ‘‘classi- 


of ” 
-3) propeiters. 


chap. VI, a general sphere theorem is proved, which contains 


hin it the Weiss theorem and the ‘‘interior theorem’’ proved in 


Wiuiate 


tap. [, for mixed (linear) boundary conditions. 


hapter VII contains an extension of the sphere theorem to the 
e of concentric spheres for both Dirichlet and Neumann bound- 
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any con jjtions. 
Finally, chap. VIII contains a calculation for the interference 
etween a prolate sphervid and a propeller by means of Lagally’s 


-seorem and expansions in spheroidal coordinates. 

Reviewer believes that the importance of this report lies in the 
acreased understanding of the interaction problem. The “‘interior 
’ will be most useful when the image system can be identi- 
E. E. Covert, USA 


heorem 


sed with a physical wake system. 


3277. Groyan, G. C., Low-wave-drag bodies of revolution as 
termined by linearized theory, J. aero. Sci. 23, G, p. 612 
Readers’ Forum), June 1956. 

|, M. Parker has presented a linearized method of determining 
minimum-wave-drag ducted bodies of revolution. This note is sub- 
nitted to demonstrate how Parker’s method of satisfying the bound- 


ay conditions may be extended to include a larger class of body 


saapes with arbitrary body radius control points. 
From author’s summary 


3278. Hinze, J. O., Fundamentals of the hydrodynamic mecha- 
nism of splitting in dispersion processes, AICHE Journal 1, 3, 
289-295, Sept. 1955. 

The splitting of globules is an important phenomenon during the 
‘inal stages of disintegration processes. Three basic types of de- 
formation of globules and six types of flow patterns causing them 
are distinguished. 

The forces controlling deformation and breakup comprise two 
iimensionless groups: a Weber group, and a viscosity group. 

Sreakup occurs when the Weber number exceeds a critical value. 
Three cases are studied in greater detail: (a) Taylor’s experiments 
othe breakup of a drop in simple types of viscous flow: (b) break- 
of a drop in an air stream: (c) emulsification in a turbulent flow. 
itis shown that the critical value of the Weber group depends on 
te type of deformation and on the flow pattern around the globule. 
The interrelationship between the three cases and the value of the 
Veber group is investigated. A formula is derived for the maxi- 


mum drop size. K. J. DeJuhasz, Germany 


Compressible Flow, Gas Dynamics 


See also Revs. 3311, 3318, 3321, 3323, 3332, 3334, 3338, 3349, 
3355, 3393, 3446) 


3279. Berker, R., On the compatability equations related to a 
moving gas (in French), C. R. Acad. Sci. Paris 242, 3, 342-344, 
an. 1956, 

enerally, problems in fluid mechanics are stated in terms of 
‘ven boundary equations and a state equation and the velocity 
‘eld is sought. In some circumstances the indirect approach is 
“qually acceptable; that is, given a suitable velocity distribution, 
‘ind the boundary conditions and state equations. An example of 


“US procedure is the Karman-Tsien compressibility correction for 


incompressible pressure coefficients. In the present paper the set 


of equations containing only the external force field and the veloc- 
ity field are derived which constitute the necessary and sufficient 
conditions for the velocity distribution in an inviscid, nonconduct- 
ing gas. Given a velocity distribution which satisfies these com- 
patibility equations, the pressure and density distribution are 
found by quadrature and the equation of state follows as the solu- 
tion of a first-order differential equation. 

This work generalizes the results of Munk and Prim, and of 
Hicks, Guenther and Wasserman, since these more complete com- 
patability equations are valid for the nonsteady flow within an ar- 
bitrary external force field with no assumptions made as to the na- 
ture of the equation of state. 

There appears to be a typographical error in the first term on the 
left hand side of Eq. (7) which should be a derivative with respect 
to the density rather than the pressure. 

E. E. Covert, USA 


3280. Hall, M. G., The accuracy of the method of characteris- 
tics, Aero. Res. Labs., Melbourne, Austral. Rep. A. 95, 28 pp. + 3 
figs., Sept. 1955. 

The characteristics computation for two-dimensional supersonic 
flow is studied. The mechanism of error propagation is analyzed. 
This is followed by a determination of the effects, on the results 
of the computation, of the various types of error introduced in its 
course. The theory can be employed to plan computations in ad- 
vance for achieving a specified accuracy with minimum labor. 


From author’s summary by T. Riabokin, USA 


3281. Verschaffelt, J. E., On the flow relative to a fluid (in 
French), Bull. Acad. roy. Belgique Cl. Sci. (5) 41, 10, 1106-1112, 
1955. 

Author demonstrates that, in relative coordinates, temperature 
is a mass-attached (extensive) property, and pressure is an inten- 
sive property for nonviscous, non-heat-conducting fluids. He also 
comments on the apparent differences in the equations of motion 


when specific volume is used instead of density. 
W. Daskin, USA 


3282. Tarapov, |. E., Solution of a problem for the motion of 
viscous gas between two moving parallel plates showing heat 
emission (in Russian), Prikl. Mat. Mekh. 19, 3, 325-330, 1955. 

The problem presents a contribution to the theory of compressed- 
gas lubrication, Cases investigated mathematically: where one 
plate is thermaliy insulated, the other being at constant tempera- 
ture, and where constant temperatures are maintained on both 
plates. For subsonic velocities, distribution of velocity u(y) and 
temperature are found. The nondimensional frictional stress 
7d/UgU¥, Can become less than the corresponding value for a non- 
compressible fluid only in the case of constant temperatures main- 
tained on both plates. For considered conditions, v(y) differs only 
slightly from linear function which corresponds to a noncompres- 
sible fluid with constant viscosity. 

P, Bielkowicz, USA 


3283. Fraenkel, L. E., The theoretical wave drag of some 
bodies of revolution, Aero. Res. Counc. Lond. Rep. Mem. 2842, 2 
pp., 1955. 

This report investigates the wave drag of bodies of revolution 
with pointed or open-nose forebodies and pointed or truncated 
afterbodies, The ‘‘quasi-cylinder’’ and ‘‘slender-body’’ theories 
are reviewed, a reversibility theorem is established, and the con- 
cept of the interference effect of a forebody on an afterbody is in- 
troduced, 

The theories are applied to bodies whose profiles are either 
straight or parabolic arcs, formulas and curves being given for 
forebody and afterbody drag, and for the interference drag. The re- 
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sults of the two theories are compared and are seen to agree well 
in the region of geometries where both theories are applicable. 
From author’s summary by J. DeYoung, USA 


3284. Woods, L. C., Aerofoil design in two-dimensional sub- 
sonic compressible flow, Aero. Res. Counc. Lond. Rep. Mem. 
2845, 54 pp., 1955. 

[his report is the newest of several that deal with methods for 
calculating the aerodynamic characteristics of given airfoils and 
the opposite problem of finding the coordinates for a given veloc- 
ity distribution, The original results [Lighthill, RGM 2112] re- 
quired an analytic description of the velocity distribution. Later, 
a technique was devised [Glauert, RGM 2683] for using a stepwise 
analytic description. In the present report, a method is presented 
that enables the designer to compute, by elementary processes, 
the ordinates if the velocity distribution is given in tabulated 
form, and conversely. The effects of compressibility are based on 
an approximation that is similar to the Karman-Tsien method. 

Reviewer is of the opinion that Dr. Woods’ method is practical. 
[he application of this technique enables the designer to not only 
calculate the ordinates corresponding to the velocity distribution, 
but also to estimate the effects of profile modification upon the 
velocity distribution, E. E. Covert, USA 

3285. Kusukawa, K.-l., The application of Meksyn-Imai’s 
method to the subsonic flow past an axisymmetric body, |. phys. 
Soc. Japan 10, 12, 1088-1092, Dec. 1955. 

Meksyn [AMR 7, Rev. 2907] analyzed plane subsonic flow by 
adopting incompressible streamlines and potential lines as co- 
ordinates, approximating resulting equation, and iterating on in- 
compressible solution. Result is quintic equation for surface 
speed, whose coefficients depend on shape of obstacle. Imai (un- 
published) pointed out coefficients can be related to those in first 
three terms of Janzen-Rayleigh expansion in powers of M*, Hence 
method is a reinterpretation of Janzen-Rayleigh series that ap- 
parently speeds convergence, Present paper gives entirely paral- 
lel treatment of axisymmetric flow, with identical results. Sphere 
1s treated as example. M. D. Van Dyke, USA 

3286. Kusukawa, K.-I., On the subsonic flow of a compressible 
fluid past an axisymmetric moderately thick body, J. phys. Soc. 
Japan 10, 12, 10931101, Dec. 1955. 

Previously, using hodograph transformation and various approxi- 
mations, author related subsonic and incompress’ble flows past 
same slender axisymmetric body [AMR 8, Rev. 2348]. Using that 
as a basis, he now develops a refined approximation by similar 
means. The related incompressible flow is that past a slightly 
distorted body. Corresponding treatment of plane flow was given 
by Imai [AMR 3, Rev. 2725; 5, Rev. 809] and function tabulated 
there recurs here. For prolate spheroids, numerical comparison of 
surface speed is made with linear, Janzen-Rayleigh, and Meksyn- 
Imai approximations (see preceding review). Although essential 
nature of approximation is not evident to reviewer, it apparently 
vields reasonable results for fairly thick bodies. 

M. D. Van Dyke, USA 


3287. Spreiter, J. R., On the range of applicability of the tran- 
sonic area rule, VACA TN 3673, 21 pp., May 1956. 

Transonic drag data available from bump tests in the Ames 16¢ft 
high-speed wind tunnel for a large family of rectangular wings 
having NACA 63A xxx section, aspect ratios varying from 0.5 to 


6.0, thickness ratios from 2 to 10%, and both symmetrical and cam- 


9 
bered profiles [see NACA TN 3501 and 3502], are used to examine 
in detail the applicability of the transonic area rule. According to 
this rule the increase \(D,/q) in the ratio of zero-lift drag D), and 
lynamic q between a subcritical Mach number and a tran- 


sonic Mach number M, is a function of M, and the cross-sectional 


Pp ressure 


area distribution of the configuration in question, For the chosen 
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wing family this area distribution is completely described by 
(Sm/c*)s(x/c), where s(x/c) is a fixed distribution function (dee 


fined by the geometry of the profile series) and where S,,,/c? ;. 












































the ratio of maximal cross section area Sm to the square c? of the 3 
body length. Clearly §,/c? = Ar (A aspect ratio, r relative thick. ies 


ness), the area rule for the given wing family thus taking the {o;, 


A(Do/qc*) = { (Moy At) = (Sm/c?)* fy(Moy Ar) 


Transonic similarity rules as given in NACA TR 1153 reform, - 
lated for the present case and applied to the wave drag 1), for i 
M, = 1 may be written in the form at 


Dow/9qc? = (Sm/c?) fy(Ar 4) 


With regard to wings having identical area distributions, the tec, ait 
results for two symmetrical wings (Ar = 2 x 0.08 = 4 x 0,04) hen 
sufficiently good agreement with [1], /,(My, 0.16) being nearly the ofl 
same function of M, for both wings. Results for three differently q 
cambered wings (A = 2, 7 = 0.06 for all wings), however, show 
considerable disagreement, revealing the fact that addition of cp». 
ber strongly increases the sonic drag rise. With regard to wings tot 
having only similar area distributions, the test results for al! the 
uncambered wings and for M, = 1, when plotted as A(D,/qc’) ys, 
(Sm/c?)’, fall near a single straight line through the origin for al! 
aspect ratios up to 3, which is in accordance with the area rule, 
but for wings of higher aspect ratios they depart from this line ip ; dr 
systematic manner, : 

[1] and [2] are compatible only if f,(1, Ar) and /,(Ar’) are con- 
stant for small values of Ar. For symmetrical wings and for 4: 
less than about unity this fact is well demonstrated by the tests Rc) 
within this range the sonic drag rise varies as the square of ty 


maximum cross-section area, all wings having equal chords, 


H. Behrbohm, Sweden 


3288. Bryant, R. A. A., The hydraulic analogy as a distorted 
dissimilar model, J. aero. Sct. 23, 3, 282-283 (Readers’ Forum), 
Mar. 1950. 

By use of the hydraulic analogy, author investigates transoni 


a. 


flow over a two-dimensional thin wedge, treating the physical 
water flow around the wedge profile as a distorted dissimilar 
model of a corresponding prototype gas flow about the same pro- 
file. Transonic similarity rule is employed. The distortion of ¢ 
profile due to the existence of boundary layer is taken into 


account, S. Tomotika, }apar 


3289. Holt, Maurice, Progress in research on high speed flow. 
Part 1, Normal supersonic flow; Part 2, Transonic flow; Part 3, 
Hypersonic flow; Aircr. Engng. 27, 321, 371-373, Nov. 1955; 27, 
322, 392-395, Dec. 1955; 28, 323, 21-24, Jan. 1956. 

Excellent brief review of some fairly recent work and problems 
still remaining in supersonic flow about yawed bodies of revolu 
tion, transonic flow about arbitrary profiles, hypersonic flow ap- 
proximations, the hypersonic viscous flow over a fiat plate, an 
some of the experimental techniques connected with these 
problems. 

Reviewer would like to point out recent developments sinc: 
publication, Holt himself has a paper in a forthcoming | ow’ 
Fluid Mechanics which gives a more exact method for flow about 
yawed bodies of revolution, Holt has generalized the work of 
burn and Dolph | AMR 3, Rev. 1523] to include the variable 


and vorticity occuring behind all curved shock waves, Cobur! 
Dolph were the first to point out that meridian planes throu; 
axis of symmetry of an inclined body of revolution cannot cont 
the bicharacteristic direction so that any finite-difference 
based on such a coordinate system would be an approximat! 
valid only for small angles. 

Mackie and Pack [AMR 8, Rev. 2451] have contributed t\ 


study of transonic flow over a wedge at high subsonic Mach nu! 











} point out that the problem of flow behind shoulder is still 


bed by hers and ; : 
; E, V. Laitone, USA 


ction (de. 






Sim/c* is 
ec? of the 3290. Hammitt, A. G., and Bogdonoff, S. M., Hypersonic stud- 
ative thich, ‘es of the leading edge effect on the flow over a flat plate, jez 


wopulston 26, 4, 241-246, 250, Apr. 1956. 


sing the Princeton helium hypersonic wind tunnel, study was 


Ng the forr, 


asried out by optical measurements of shock position over a wide 
cs of leading-edge thicknesses and surface pressure measure- 

for the thicker leading edges. The flow over the plate with 
leading edge was found to be essentially inviscid, but vis- 


3 reform» 


Dou for 


; thick 
sity was important for the case of thin leading edges. This is 


2 chown by a series of interferograms taken at M = 12.7, The mag- 


ns, the tes, ide and downstream persistence of the thick-leading-edge ef- 





1.04) show ‘ects on the shock shape and surface pressure distribution is sur- 
nearly the srising. Authors give a qualitative explanation of this fact based 
ifferent]y athe reflection of the expansion waves starting at the leading 

» show edge, both on the sonic line and on the detached shock front. 

ion of cam since a 90° ~Prandtl-Meyer expansion gives infinite Mach number 
to Wings thelium, reviewer believes that the corresponding effects of the 
or all the chick leading edges would be somewhat reduced in air. 

qc’) ys, P,. Schwaar, France 
in for al! 

ea rule, 3291. Tsien, S. H., The supersonic conical wing of minimum 

S line in ; drag, |. aero. Sct. 22, 12, 805-817, 843, Dec. 1955. 

see AMR 7, Rev. 1186. 
are con ii 
id for ir) BR 3292. _Licher, R. M., Drag due to lift in supersonic flight for 
he tests circular planform wing with an arbitrary radial distribution of lift, 
> of the las Atrcr. Co. Rep. SMe19119, 12 pp., June 1955. 
ds, ‘ method given by Graham for obtaining the drag of superim- 
Sweden ed optimum lift distributions in supersonic flight is extended 

plied to the case of a circular planform wing. 
storted A. R. Mitchell, Scotland 
‘“orum), 

3293. Howard, L. N., and Matthews, D. L., On the vortices pro- 
ae duced in shock diffraction, J. appl. Phys. 27, 3, 223-231, Mar. 
ICai c 
ine he vortex produced by a weak shock passing over a 5° vertical 
eo has been studied experimentally and theoretically. The 
mn of 


ity in the vortex was observed interferometrically. The initial 

ure was varied from 300 to 800 torr and the time of taking the 
ture from 80 to 800 sec. Single fringe interferograms and shad- 
verams show a well-developed radial-symmetrical distribution of 


d flow. ensity 


small secondary eddies. The average angular spacing of 


and a spiral slip stream winding off the corner which con- 


5; 27, these eddies, measured from the vortex center, appears to be inde- 
ient of shock strength and time. 
theoretical considerations are based on the compressible 
equations with the following additional critically discussed 
rties: (a) no discontinuities (slip streams, shocks), (b) no vis- 
» an ty and heat conductivity, (c) isentropic flow, (d) pseudosta- 
flow (uniform expansion in time), (e) radial symmetrical 
mmetry about the origin). On the additional assumption 
ice thi tonly the radial component of the centrifugal force on a particle 
na ' tluid be considered, the equations of flow can be reduced to a 
ordinary nonlinear differential equation. 
main parameters in the theory are the rate of growth of the 
ind a quantity which is called ‘‘strength of the vortex.’’ 
ting essentially one parameter of the theory to the observed 
tv, good agreement is obtained over the region of the vortex, 
yn ‘cept at the very center. The theory does not consider the forma- 
f the vortex. 
rate of growth of the vortex as a function of free-stream 
mber has been found to agree with a result based on an- 
eory of N. Rott (private communication). 
H. Schardin, Germany 








3294. Kogan, A., On supersonic rotational flow behind strong 
shock waves, |. Flow past airfoils, AF tech. note AFOSR-TN-56- 
165, 53 pp. + 4 figs., 1956. 

A method of successive approximations to the inviscid rotae 
tional flow past airfoils at high supersonic Mach numbers is de- 
veloped. The uniform flow behind a plane shock wave is the zero- 
order approximation. First and second derivatives of C(x) on the 
airfoil surface, and the shock curvature and its derivative are cal- 
culated in terms of the airfoil curvature and its derivative at the 
leading edge. S. A. Schaaf, USA 

3295. Broglio, L., Method of integration for supersonic flow be- 
hind an attached shock wave, Universita di Roma, Scuola di Inge- 
gneria Aeronautica, Rome, S/ARgraph no. 3, 114 pp., Mar. 1955. 

For supersonic flow past a pointed body with attached shock, 
knowledge of the field near the apex facilitates its computation 
elsewhere by the method of characteristics. Author proposes use 
of higher-order corrections to conical flow for treatment of bodies 
with curved meridian sections. With apex as origin of spherical 
polars r, n, w, dependent variables are corresponding velocity 
components u, v, w, and specific entropy S$. He assumes exist- 
ence of r-derivatives of all orders of u, v, w, § at r = 0, hence re- 
peated differentiation of governing equations yields linear 


3’? at r = O for (0"u/Or”), 0, 


‘thigher-order conical flow equations 
etc. The differentiated equations give usual nonlinear conical 
flow equations atr= 0. All applications are quasi-axisymmetric 
fields for which w and the wederivatives are small. The first- and 
second-order equations are given explicitly for isentropic flow. 
For numerical integration of equations of cone-field type, author 
proposes a method more elaborate than usual but apparently much 
faster, ‘and tests it for symmetric cones. Numerical applications 
are to cones at small yaw and unyawed RM 10 body of revolution. 
Reviewer notes no estimate of order of magnitude of higher-order 
cone field terms so that rapidity of convergence of power series in 
r for dependent variables is unknown. Thus the extra work to ob- 
tain first few higher-order fields may not be worthwhile when com- 
pared with linearized method of characteristics based on zero- 
order cone field [AMR 5, Rev. 1137]. 

H. C. Levey, Australia 


3296. Gadd, G. E., A simple theory for interactions between 
shock waves and entirely laminar boundary layers, |. Sez. 
23, 3, 225-230, Mar. 19506, 


Author assumes an approximate formula for the velocity profiles 


qerTo, 


of the laminar boundary layer and applies this to the two-dimen- 
sional interaction of the layer with shock waves generated by a 
wedge or by compression waves. He assumes further that the 
boundary layer remains laminar and that the shape of the outer part 
of the velocity profiles does not alter throughout the interaction 
region. The method consists in the combination of two expres¢ 
sions for the pressure gradient into a differential equation, which 
is solved numerically: (a) at the wall the rate of change of friction 
stress normal to the wall is equal to the pressure gradient and (b) 
the relation between pressure and the deflection of the external 
flow created by the growth of the boundary layer. The theoretical 
results are compared with experiments in great detail, and show a 
fair agreement. K. Pohlhausen, USA 


3297. Sagomonian, A. Ya., Shock wave reflection from a solid 
wedge (in Russian), Vestntk Moskov. Ser. Fiz.-Mat. Estest 
Nauk (1) 10, 2, 33-40, Feb. 1955. 


A shock wave of arbitrary shape is incident on a blunt wedge. 


Univ., 


Che flow parameters behind the reflected wave are found for the 


case of regular reflection. The pressure on the wedge in the re- 


} 


gion influenced by its vertex is estimated by assuming that the 


Stagnation point, at this point, is connected by a one-dimensional 
simple wave, running along the wedge surface, to the higher pres- 
sure region behind the reflected wave. 


R, Hetherington, England 





3298. Eckhaus, W., On the theory of shock reflection on walls 
with slots, Nat. LuchtLab. Amsterdam Rap. F. 167, 20 pp., 1955. 

First sections of report, which gives a theory of transonic wind 
tunnels, give second-order approximations for reflection of shocks 
against solid and open boundaries (contact discontinuities) and in- 
teraction between shocks and Prandtl-Meyer waves. For walls 
with transversal slot, a shock hitting the boundary originates a 
series of successive expansion and compression waves, at the 
edges of the solid parts of the wall. At large distance from wall, 
disturbances are cancelled through interaction of each expansion 
wave with preceding and succeeding shock waves, Instead of in- 
teraction theory, a simplified calculation is used, based on con- 
servation of mass, to find condition for complete cancellation. It 
appears that the ratio R of open to total wall area is only slightly 
above 0.5. 

For longitudinal slots, problem is more complicated. A shock 
hitting the solid strip between two slots gives (as for a rectangu- 
lar wing in supersonic flow) two conical shocks in the adjacent 
open slots, which interact with the expansion wave in this slot. 
Tentatively, it is assumed that, for complete cancellation, the 
total strength of the initial pressure disturbances at the wall be- 
hind the reflected shocks and expansion waves must be zero. 
Chis again yields a value of R of about 0.5, but in the region 
1.1 <M < 1,5 it is largely dependent on Mach number and angle 
of incidence of the shock. 

Author states that further investigations are needed. 

R, Timman, Holland 


Wave Motion in Fluids 
(See also Revs. 3183, 3271) 


3299. Ainsworth F. W., The effect of oil-column acoustic reso- 
nance on hydraulic valve ‘‘squeal’’, Trans. ASME 78, 4, 773-778, 
May 1956. 

Che interaction of hydraulic column, in the supply line, and the 
valve spool is seen by the author as a major factor of valve insta- 
bility in hydraulic control systems. Two transfer functions (change 
in valve flow and change in valve displacement) are derived in 
order to apply the Nyquist stability criterion to the closed-loop 
Experimental stability tests confirmed analytical results. 
squeal’’ are given by the author. The 


system. 

Methods of inhibiting valve ‘‘ 

discussors of the paper refer to another method by F. D. Eziekel. 
See the work by S. Y. Lee on fluid flow forces [AMR 6, Revs. 


527, 1068]. 7. W. Dybezak, Canada 


3300. Markey, M. F., Effect of carriage mass upon the loads 
and motions of a prismatic body during hydrodynamic impact, NACA 
TN 3619, 45 pp., Mar. 1956. 

Under certain experimental conditions it is necessary to include 
the effect of towing-carriage mass in the analysis of hydrodynamic 
impact of prismatic bodies. This effect is particularly important 
at high trim angles. General expressions applicable to any pris- 
matic body are obtained for the loads and motions during impact. 
Curves are presented to show conditions at which the carriage- 
mass effect is important. G. V. R. Rao, USA 

3301. Becker, E., Pulsating source under a free surface of a 
stream of finite depth (in German), Ing.-Arch. 24, 2, 69-76, 1956. 

Asymptotic forms of wave trains issuing from source are studied 
in plane geometry. Importance of problem arises from interest in 
surface disturbances from pulsating body moving under the surface. 

Velocity potential is split into three parts—free waves, source 
term, and boundary-condition term—following general lines of 


Lamb. 
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If stream speed and pulsating frequency are not too high, foy, 





wave trains appear, one propagating upstream; otherwise there »,. 
only two, both downstream. 
Writer mentions various special cases: stationary stream, Duls, 






tion frequency tending to zero, and bottomless stream, some oj 
which have been studied before. Likely effects of surface tens;,, 





are also mentioned, of 
Reviewer's only criticism of interesting paper is that Figs, ? 
and 7 would be made simpler and clearer by omitting curves V :,, 
and drawing straight lines with slope + v through points (0, +¢), wit 
cut curve V, A. H. Armstrong, England 
3302. Andronov, A. A., and Aronovich, G. V., Theory of hydray. loc 
lic rams (in Russian), Inzhener. Sbornik, Akad. Nauk SSSR 20, me 
3-12, 1954. 


3303. Hunt, J. N., On the solitary wave of finite amplitude su 
(English and French), Houille blanche 10, 2, 197-203, Mar. ‘Apr. th 
1955. 

It is shown that the equation to the profile of the solitary waye 
and the velocity of propagation can be obtained by a convenient 
process of successive approximation without determining the 
velocity potential throughout the plane of flow. The method em- 
ploys an operational form of the free surface condition given by 
Levi-Civita (1911). The wave profile and velocity are found to the 
third order in the ratio a/b, a being the wave amplitude and + the 
undisturbed depth. For small values of this ratio the solution re- 
duces to that of Boussinesq. The velocity equation is in good 
agreement with measurements reported by Daily and Stephan 
(1953). [See AMR 8, Rev. 1736]. From author’s summary ) 


Turbulence, Boundary Layer, etc. 


(See also Revs. 3296, 3360, 3366, 3367, 3390, 3391, 3395, 
3398, 3401, 3403, 3414, 3455, 3456) 


3304. Squire, H. B., Note on the motion inside a region of re- 
circulation (cavity flow), J. roy. aero. Soc. 60, 543, 203-205, Mar 
1956. 

Author discusses flow in cavities under the boundary layer of 
the main stream on a rough surface. Using some ideas from 
Batchelor’s papers on free convection, he suggests treating this 
motion as a “‘core’’ with constant vorticity surrounded by a bound: 
ary layer. To illustrate this idea, author calculates the non- 
turbulent flow inside a circular cylinder for which half the circum- 
ference is fixed and the other half moves tangentially with con- 
stant velocity. J. PolaSek, Czechoslovakia 

3305. Rheinboldt, W., Calculation of stationary boundary layer 
with continuous suction and with discontinuous suction velocity 
(in German), J. rational Mech. Analysis 5, 3, 539=G60¢, 1950. 

The two-dimensional laminar boundary-layer equations are 
treated with arbitrary distribution of suction. In contrast to other 
papers in which the assumption of the continuity of the suction 
velocity is essential, author discusses discontinuities in the 
distribution of the suction velocity, the beginning and the end o! 
suction. Developments in infinite series are used for velocity 
components, these series being convergent in the neighborhood °! 
the point of discontinuity; outside of the convergent interval of 
these series, any method for calculation of laminar boundary laye! 
with continuous velocity of suction can be used. The general 
mathematical treatment leads to equations for confluent hyperge™ 
metric functions, and author has worked out the solution in a for 
suitable for numerical computation. Several examples are evalu 
ated to illustrate the procedure. 





J. PolaSek, Czechoslovakia 
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3306. Loitsianskii, L. G., Boundary layer, NACA TM 1400, 29 

ap,, May 1956. 

“Translation of ‘‘Pogranichnyi sloi,’’ from the book on ‘‘Me- 

in USSR Over 30 years, 1917-1947. 


nanics 


3307. Hool, J. N., Empirical relationships for local coefficients 
of skin friction in sub-sonic air streams, Aero. Res. Labs., Mel- 


\ustral. Aero Note 145, 11 pp. + 13 figs., June 1955. 
Some of the better known skin-friction equations are compared 


SOUT 
aly 


ith experimental results found in turbulent two-dimensional sub- 


snic air flow under a rising pressure gradient. It is found that 


empirical equations based on flat-plate conditions give values of 
‘ocal coefficients of skin friction considerably greater than the 
measured values. The recent equation of Ludwieg and Tillmann 
; substantially in agreement with the measured values. 

The effect of heat transfer on skin friction under a rising pres- 


ye gradient is also considered. It is determined experimentally 





t heat transfer has a negligible effect on the local coefficients 
skin friction in the turbulent boundary layers. 
juthor uses surface-tube technique (see following review) and 
smal] pitot tubes, details of which are given. The rising pressure 
sradient was obtained in a 4° divergent two-dimensional diffuser. 
Reviewer emphasizes practical importance of observed reduction 
approximately ?\) of skin friction, estimated from velocity pro- 
‘les. Extensive applications are possible in hydraulics, aero- 
ynamics, etc. A systematic study of this phenomenon is sug- 
vested. (See also E. S. Goldstein, ‘‘Modern developments in 
fluid dvnamics,’’ Vol. II, Oxford Univ. Press, p. 375.) A number 
ibliographical references are given. 
N. Krivoshein, Argentina 


3308. Hool, J. N., Measurement of skin friction using surface 
tubes, Aero. Res. Labs., Melbourne, Austral. Aero Note 144, 10 
o. + 6 figs., Jume 1955. 

\uthor reports about his experiments with surface tubes for 
neasuring skin friction. His technique differs from T. E. Stanton’s 
and from A. Fage and V. M. Falkner’s in construction of surface 
tubes made of a segment (4 in. wide x %, in. long) of a thin razor 


lade soldered to studied surface. A device for calibration ‘‘in 
tu’ is described, consisting of a flat (2’% in. x 0.030 in.) half- 
hannel sealed to the surface, in which laminar current is gener- 
ated by suction. Once calibrated, a surface tube provides all data 
tor skin-friction calculation, author states. 

\uthor then develops correction formulas for temperature den- 
sity and viscosity changes, checking them by measurements [see 
preceding review]. 

Author measured the openings of his surface tubes (with a Fage 
ind Falkner microscope) and could check his calibration data 


against the known curve for “effective openings’’ by G. I. Taylor. 
\/ author’s points are above the curve; he uses them to establish 
anew approximate formula for skin-friction determination by means 
t measured openings of surface tubes. 

‘ome of the points by T. E. Stanton and by A. Fage and V. M. 
Salkner are also above the Taylor curve, suggesting the need of 
turther studies, reviewer believes. 


N. Krivoshein, Argentina 


3309. Sanyal, L., Boundary layer in a converging nozzle with a 
spherical surface, Bull. Calcutta math. Soc. 47, 2, 65-70, June 

OSS 

A mathematical analysis utilizing boundary-layer equations is 
made for the case of a swirling liquid jet which enters tangentially 
a converging nozzle whose surface is spherical. The differential 
equations are solved employing suitable simplifying assumptions, 
and numerical results are tabulated. These numerical solutions 
show that, for given inlet and outlet radii and nozzle length, the 
coundary layer at the outlet of a nozzle with a spherical surface is 
Slightly greater than is the boundary layer at the outlet of a nozzle 
D. M. Mason, USA 


orseh : 
with a conical surface. 
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3310. Shestopalov, V. P., A particular solution for the problem 
of diffused boundary layer in a diffusor (in Russian), Prik/. Mat. 
Mekh. 18, 6, 753-756, 1954. 


An exact solution of diffused boundary layer in a convergent 


diffusor is given. The concentraton and flow of diffusion are cal- 
culated from fundamental equation for concentration by utilizing 
velocity components given in Kotchin, Kibel and Rose’s book. 
The thickness calculated by Nernst’s theorem shows a proper 
value nearly equal to 2 x 107° cm. M. Kataoka, Japan 

3311. Dryden, H. L., Recent investigations of the problem of 
transition, Z. Flugwiss. 4, 3/4, 89-95, Mar./Apr. 1956, 

This comprehensive review of the transition problem begins with 
an account of progress made in the understanding of the mechanics 
of transition and then summarizes the more significant theoretical 
and experimental work in the supersonic speed range. This in 
essence divides the paper between a discussion of incompressible 
and compressible flows—a division unavoidable at this stage due 
to the complications introduced by compressibility and the fact 
that data in the supersonic range are limited essentially to transi- 
tion Reynolds numbers. Reviewer feels that author has unified the 
picture as much as presently possible by collecting available in- 
formation and finding consistencies in the maze of confusing data. 
Particularly noteworthy is the clarification of conditions under 
which the stabilizing effect of cooling may be realized. One con- 
cluding remark of the author should express the reader’s impres- 
sion: ‘‘Although much remains to be done, one has the feeling that 
we are now on the right track and that progress will be more 
rapid.’’ G. B. Schubauer, USA 


3312. Reid, W. H., The skewness factor according to Obukhoff's 
transfer theory, J]. aero. Sci. 23, 4, 379-380 (Readers’ Forum), Apr. 
1956. 

The behavior of skewness factor s for both large and small Reyn- 
olds numbers has been calculated. It was found that the variation 
of s/y with Reynolds number is small, where y is an arbitrary con- 
stant in Obukhoff’s expression for the transfer function. 


S. I. Pai, USA 


3313. Braun, W. H., Ona stress tensor for turbulence, |. aero. 
Sct. 22, 7, 510-511, July 1955. 

A new stress tensor tor turbulence is proposed satisfying the 
conditions that (1) the formulation of the stresses must be a ten- 
sor; (2) it must be consistent with the two boundary conditions 
that the mean velocity should vanish at the solid boundary and 
should attain a maximum at some other surface; (3) the magnitude 
of the stress component should remain invariant while its sign 
undergoes a change due to reflection of a coordinate that corre- 
sponds to one of the directions associated with that component; 
and (4) a part of the stress tensor should represent the dissipative 
forces. 

This formulation is applied to fully developed pipe flow and a 
new relation for the mean velocity near the wall is given. The 
mean velocity varies smoothly from the linear law in the laminar 
region to a nearly logarithmic curve where the turbulent stresses 
predominate. This formulation cannot be used to predict mean 
velocity profiles in flows not already experimentally investigated. 

S. D. Nigam, India 


3314. Phillips, O. M., The irrotational motion outside a free 
turbulent boundary, Proc. Camb. phil. Soc. 51, part 1, 220-229, 
Jan. 1955. 

Author considers the irrotational motion of an infinite fluid when 
the normal velocity across a plane is specified as a stationary 
random function of position in the plane, and a solution is ob- 
tained in terms of the specified boundary conditions. It is shown 
that the mean square velocity normal to the plane is equal to the 


sum of the mean squares of the velocities in the other two orthog- 


onal directions. The asymptotic variations with distance normal 
to the plane are found for functions representing the important 
properties of the motion, and, in particular, the energy of the fluc- 
tuations is shown to be inversely proportional to the fourth power 
of the distance from the plane. The conditions postulated are 
shown to correspond closely to the motion outside a free turbulent 
boundary, and good agreement is found between the predictions of 
the theory and the available experimental results. (From author's 
summary) 

Reviewer notes that in the ‘‘Introduction’’ it is stated that 
“‘observations upon a cathode-ray oscillograph of a signal repre- 
senting the instantaneous vorticity at a point near the outside of a 
turbulent wake, for example, show intermittent periods of high 
fluctuating vorticity dispersed among periods of zero vorticity.’’ 
Such wake vorticity observations are apparently unpublished, and 
no reference is given. In the light of published information, how- 
ever, such vorticity behavior is expected in the wake. 

The restriction to homogeneity in planes parallel to the wake 
appears to require further justification for the application; if 
Phillips’ relation among the three mean squared velocity com- 
ponents is substituted into ar. equation for the general irrotational 
case |E q. (26) of Corrsin and Kistler, NACA TN 3133, 1954; AMR 
7, Rev. 


tion, the turbulent shear stress 1s zero. 


1551], a nonzero shear results. In Phillips’ approxima- 


S. Corrsin, USA 


3315. Favre, A., Gaviglio, J., and Dumas, R., Turbulent bound- 
ary layer: Double space-time correlations and spectra (in French), 
Rech. aéro. no. 48, 3-14, 1955. 

Detailed results are given of the authors’ experiments on the 
structure of the boundary layer over a flat plate. Two flows are 
examined, one by creating turbulence throughout the stream by 
means of a grill and the other by roughening the leading edge in a 
uniform stream. Two hot wire anemometers, refinements of previ- 
ous types, are used, and their influence on the flow is calculated 
and shown to be negligible. Graphs are given of the mean velocity 
profile and turbulence intensities, spectra and space-time correla- 
tions normal and parallel to the plate. Taylor’s hypothesis is 
verified by comparing autocorrelations in two positions with the 
space correlation. Time delays corresponding to maximum correla- 
tion are plotted as functions of relative position and, in the case 


of an initially turbulent stream, contours of maximum correlation 


(with respect to time) for four positions of the fixed wire are given. 


R. P. Pearce, Scotland 


3316. Fales, E. N., A new laboratory technique for investiga- 
tion of the origin of fluid turbulence, /. Franklin Inst. 259, 6, 
491-515, June 1955. 

Paper describes an experimental technique for studying 
boundary-layer phenomena on a flat plate, associated with transi- 


tion to turbulence. Method consists of photographing dye forma- 


tions from above a flat plate moved through still water, the photo- 


graphic record being subsequently analyzed. In one set of experi- 


ments turbulence is produced by a spanwise trip, and in another 


the boundary-layer phenomena in the case of a decelerated plate 


are studied. In the latter case, the photographic record reveals 


clearly defined columnar vortexes transverse to the flow direction 


in a pertodic pattern. Author discusses in detail the formation and 


lecay of these vortexes and presents data on vortex spacing as a 
function of plate speed before deceleration. 


In reviewer’s opinion, relevance of results to the problem of 


turbulent transition is questionable, as author does not distinguish 


dary-layer separation and transition. 


1 


clearly between boun Experi- 


nents are, however, significant in themselves, and method ts to be 
aa : : 
commended for simplicity and clarity in revealing flow details. 


Bi Mi 


Grossman, USA 


3317. Hsu, E. Y., The measurement of local turbulent skin fric, 
tion by means of surface pitot tubes, David W. Taylor Mod. BR 
Rep. 957, 18 pp., Aug. 1955. 

Paper considers the problem of evaluating wall shear stress jp 


asin 


a 
turbulent boundary layer. Method used is an extension of the 


pitot-tube technique developed by Preston for flow in pipes in 
which a circular tube is placed in contact with the wall. Some 
analysis is given based on an exponential velocity distribution 
(‘4th-power law) and comparisons are made with wind-tunnel tes; 
results. These latter were conducted on the wall of the low- 
turbulence subsonic tunnel of the David Taylor Model Basin. Bog) 
zero and adverse pressure gradients are considered. Agreement 
appears to be excellent, although no comparisons are made with 
direct shear stress data now becoming available. Maximum air 
speed attained in the tests is 140 fps. 


M. J. Thompson, USA 


3318. Carroll, J. B., and Anderson, G. F., Boundary-layer effec; 
on local Mach number measurements on a circular arc half profile, 
J. aero. Sct. 23, 6, 604-605 (Readers’ Forum), June 1956. 


Aerodynamics of Flight; Wind Forces 


(See also Revs. 3283, 3284, 3291, 3292, 3332, 3333, 3334, 
3336, 3340, 3342, 3345, 3406) 


3319. Weissinger, J., Aerodynamics of the annular wing. The 
pressure distribution of thin, almost axially symmetrical wings in 
subsonic flow (in German), Forsch, Wirtschafts-und Verkehrsmini 
tertums Nordhein-Westfalen no. 198. 30 pp., 1955. 

Original treatment of lift of inclined annular wing employed litt- 
ing-line theory for small chord-diameter ratio A and momentum the- 
ory for large A, omitting intermediate range. Present paper now 
covers entire range 0 < A < ~ accurately by means of lifting-sur- 
face theory; hence also pressure distribution and moment for first 


time. Analysis allows for variable incidence around circumference 


oO 


but calculations are limited to axisymmetric case. 

Exact method: Wing is represented by unknown distribution of 
ring vortexes on cylinder, with appropriate trailing vortexes. Flow 
tangency condition yields two-dimensional integral equation. This 
is reduced to one dimension by Fourier series development and, 
after further simplification, solved numerically. L-method: Wing 
is represented by ring vortex at C/4, with trailing vortexes, and 
tangency condition applied at 3C/4. Closed-form solutions are 
obtained, plus simpler approximation formulas. 

Results: 
© /4, aerodynamic center, and other quantities are tabulated for 
A= 0.5, 1,45, 2,35. Crrves.o Ch (A/C, (0) show excellent 
agreement of L-method with exact method. Curve of lifting-line 


Exact coefficients of radial force, lift, moment about 


theory [reviewer, AMR 1, Rev. 149], also shown, agzees asymp- 
totically for small A, as it should. Curves of aerodynamic cente! 
location (supplemented by text) show movement from C/4 at A = 
‘nduced drag is also treated. 


H. S. Ribner, Canada 


to leading edge atA =~, 


3320. Weissinger, J., Aerodynamics of annular wings in incom: 
pressible flow (in German), Z. Flugwiss. 4, 3/4, 141-150. Mar. 
Apr. 1950. 

Chis appears almost identical with paper in preceding review, 
with addition of comparisons with experiment. Data are credited 
respectively to ETH-Zurich, St. Cyr, and SNECMA-ONERA. Fx- 
perimental points show very good agreement with theoretical! 
curves of lift versus chord-diameter ratio A, considerable dis- 
crepancies on position of aerodynamic center. Latter is attribut« 


to effects of friction drag. H. S. Ribner, Canada 
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3321. Diederich, F. W., and Zlotnick, M., Calculated spanwise 


Basin jift distributions, influence functions, and influence coefficients 
ig unswept wings in subsonic flow, NACA Rep. 1228, 68 pp., 

SS ina 1055, 

e see AMR 7, Rev. 1565. 

in 

ne 3322. Wood, R. M., and Murphy, C. H., Aerodynamic derivatives 

‘on for both steady and measuring motion of slender bodies, J. aero. 

test vcr, 22, 12, 870-871 (Readers’ Forum), Dec. 1955. 

— 3323. Jones, A. L., Lamb, 0. P., and Cronk, A. E., A method 
om for predicting lift effectiveness of spoilers at subsonic speeds, J. 
- sero. Sct. 23, 4, 330-334, 376, Apr. 1956. 

i Fyaluation of existing uncorrelated data on the effectiveness of 
spoilers. Authors list seven parameters (besides the Mach number) 
SA chat are of importance. Initial hypothesis neglects interdependence 

. setween these parameters; further improvements take into account 
effect interde pendence between aspect ratio, sweep, and span-wise loca- 
file on of the spoilers. Results are expressed in form of design 

; -harts. G. Guderly, USA 
3324. Foa, J. V., Gail, A., and Goodman, T. R., Propulsive 
ducts at the tips of rotor blades, J. aero. Sci. 23, 4, 381-383 
Readers’ Forum), Apr. 1956. 
Optimum combustion-chamber design combines minimum weight 
2s i.e., cross-sectional contour of minimum periphery and minimum 
wall thickness) with maximum cross-sectional area. Neglecting 
flexural rigidity (wall thickness sufficiently small), authors derive 
parametric equations for contour of chamber in equilibrium between 
M® internal overpressute and centrifugal forces. Expression for cor- 
e f responding cross-sectional area is also given. Change in shape 
in with altitude is discussed. H. Parkus, Austria 
3325. Heyson, H. H., Analysis and comparison with theory of 
itt. {low-field measurements near a lifting rotor in the Langley full- 
ie- scale tunnel, NACA TN 3691, 162 pp., Apr. 1956. 
Paper gives quite detailed results of measurements of (time- 
averaged) normal induced velocity v in entire vicinity of a single 
” rotor, which was of teetering type, with untapered, untwisted 


blades. Forward tip-speed ratios ranged from 0.095 to 0.232. 
omparison with existing theories indicates satisfactory agree- 
: ment as far rearward as 3/4 of a diameter behind leading edge of 
rotor disk, provided a realistic nonuniform disk loading is assumed 
athe theoretical calculations. Behind the 3/4 point, calculation 
of the induced velocity becomes inaccurate because of the rolling 
p of the trailing vortex system. At locations well behind the ro- 
tor, however, the induced flow can be calculated fairly accurate ly 
by assuming the rotor to be a uniformly loaded rectangular wing, 
provided that the rotor lift coefficient is sufficiently high. Meas- 
red induced velocity at rotor center is zero, and this is explained 
y the zero load carried by the rotor there. 
Paper is a valuable contribution to experimental information on 
induced flow near a lifting rotor. M. Morduchow, USA 
3326. Ramachandra, S. M., Direct calculation of propeller 
deflection, J. aero. Sci, 22, 10, 726-728, Oct. 1955. 
\ simple noniterative method for the calculation of propeller 
‘etlection is obtained by a finite difference approximation of the 
‘ifferential equation governing the bending of the propeller. 


From author’s summary 


3327. Puttock, D. R., Loading conditions following an auto- 
matic pilot failure (rudder channel), Acro. Res. Counc. Lond. curr. 
242, 7 pp. + 2 appendixes + 1 table + 7 figs., 1956. 
\ method is presented for the determination of the critical load- 
conditions of aircraft that ensue from an automatic-pilot failure 
the rudder channel. 
eneral expressions have been derived through response theory 


tor the angle of sideslip, fin-and-rudder load, and lateral accelera- 
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tion both at the c.g. of the aircraft and at the tail that result from 
the sequence of rudder movements assumed to follow an automatic- 
pilot failure. Analysis of these general expressions leads to 
formulas suitable for assessing the numerical values of the critical 
loading conditions and it is suggested that these formulas might 
form a basis for the interpretation of the appropriate design 
requirement. 

An example is given to illustrate the type of response produced 
by a rudder-channe! failure and the calculation procedure. 

From author’s summary 


3328. Puttock, D. R., Loading conditions following an auto- 
matic pilot failure (elevator channel), Aero. Res. Counc. Lond. 
curr. Pap. 243, 10 pp. + 2 appendixes + 1 table + 10 figs., 1956. 


A proposal is made for a standard procedure for calculating the 
critical loading conditions ensuing from an automatic-pilot failure 
in the elevator channel. 

General expressions are derived through response theory for the 
increments in normal acceleration at the c.g. of the aircraft, normal 
acceleration at the tail, and aerodynamic load on the tailplane 
which result from the sequence of elevator movements assumed to 
follow a failure. Analysis of these general expressions leads to 
formulas suitable for assessing the numerical values of the criti- 
cal loads on the wing and tailplane. 

The influence of the sequence of elevator movements on the 
loading conditions is discussed with reference to an example. 

From author’s summary 


3329. Shields, R. T., Stephenson, J., and Utting, |. E., An in- 
vestigation of high altitude cruising conditions for turbo-jet air- 
craft, Aero. Res. Counc. Lond. curr, Pap. 215, 13 pp. + 1 table + 3 
appendixes + 11 figs., 1956, 

Specific air range has been measured on the Ashton Mk. 1 at 
high altitude using differing techniques. A ‘‘quasi-level’’ proce- 
dure consisting of runs at constant speed involving a small rate of 
climb or descent is recommended for performance measurements 
near the optimum range conditions and any speed below about M = 
1.2. Optimum specific range for the Ashton is obtained at the 
theoretically predicted conditions for an aircraft cruising below 
its drag critical Mach number, i.e., maximum rpm and M = 1.2; in- 
crease of air temperature reduces this specific air range by about 
14% per 10C. Some evidence of scale effect on specific air range 
during a long range flight is shown; this is likely to be more im- 
portant for a long-range bomber. From handling aspects, flying 
manually in che optimum climb cruise conditions and at speeds 
down to M = 0.9 was quite practicable and comfortable, but the 
static margin on this aircraft even at the aft c.g. was high; it was 
therefore not possible to assess a minimum acceptable limit of 
static stability for range flying. An appendix derives and 
cusses the conditions for maximum specific air range, the argu- 
ment being extended to the case with compressibility drag effects. 


From authors’ summary 


3330. Hamilton, J. A., Methods for reducing seapiane take-off 
distances to standard conditions, Aero. Res. Counc. Lond, curr 
Pap. 219, 14 pp. + 3 appendixes + 11 tables + 15 figs., 1956. 

In this report are developed methods for the reduction of sea- 
plane take-off distances to standard conditions of weight, wind, 
and ambient temperature. The expressions derived are applicable 
to the waterborne run and to the airborne run up to the S@ft height 
point. The methods may be applied to take-off with simulated 
engine failure. 

The theoretical results are in good agreement with measurements 
made on reciprocating-engined seaplanes of 9000-lb and 78,000-lb 
weight for winds up to 20 knots, weight changes of 20%, and a 
temperature range of 2 to 32C. 

However, the general application of the corrections should be 


limited to temperature changes of less than 10C, weight changes 





































of less than 10%, and wind changes of less than 10 knots. These 
ranges should be adequate for the majority of flight trials con- 


jucted in one location. From author’s summary 


3331. Vannutelli, R., Paradoxical aspects of the helicopter (in 
Italian), Aerotecnica 3%, 1, 43-46, Feb. 1956. 

l'o outsiders, and more particularly to those who are dealing 
with airplanes, the technique and the operation of the helicopter 
present aspects sometimes so unusual as to assume the character 
of a paradox. 

Author quotes the most impressive of these paradoxes, classes 
them according to their causes, analyzes and discusses the causes 
themselves, singles out their corcllaries, and derives some hints 
for a critical view of helicopter’s present and future development. 

From author’s summary 


Aeroelasticity (Flutter, Divergence, etc.) 


Book-3332. Bisplinghoff, R. L., Ashley, H., and Halfman, R. 
L., Aeroelasticity, Cambridge, Mass., Addison-Wesley Publishing 
Co. Inc., 1955, ix + 860 pp. $14.50. 

Authors clearly state in the preface: ‘‘The objective of the 
authors in writing Aeroelasticitty has been to provide both a text 
book for advanced engineering students and a reference book for 


practicing engineers.’’ The book divides roughly into two halves; 
the first deals with the aerodynamic and structural tools and the 
second with applications of the tools to aeroelastic phenomena. 

The first chapter is concerned with historical background of 
aeroelasticity and emphasizes its importance on modern design of 
airplanes. 

Chapters 2, 3, and 4 deal with the deformation behavior of air- 
plane structures under static and dynamic loads and exhibit sys- 
tematically methods of analyzing the deformation, together with 
abundant illustrative examples. 

Chapters 5, 6, and 7 are concerned with aerodynamic tools for 
aeroelasticians. They comprise steady and unsteady aerodynamics 
which are treated in the most comprehensive way. 

Chapter 8 concerns static aeroelasticity; chap. 9 with flutter; 
and chap. 10 with dynamic response phenomena, together with 
abundant illustrative calculations. 

Chapters 11 and 12 treat, respectively, the important subjects of 
aeroelastic model theory, and model design and construction; the 
final chapter is concerned with experimental techniques for aero- 
elastic phenomena. 

Mathematical tools and extensive references are presented at 
the end of the book so as to help understanding and further studies 
of readers. 

The book thus fulfills splendidly the objective of the authors. 
However, it would be more convenient for readers if numerical 
tables of the aerodynamic coefficients required for the illustrative 
calculations (at least) could be included in the appendix. Also, 
enriching the content with more experimental data seems desirable 
tor showing the validity of the methods of analysis. 

The book is an excellent elaboration and is strongly recom- 
mended as one of the most authoritative in the field of aero 


elasticity. K. Washizu, Japan 


3333. Orlik-Riickemann, K., and Olsson, C. O., A method for 
the determination of the damping-in-pitch of semispan models in 
high-speed wind tunnels, and some results for a trianqular wing, 
Flygtekn. Férséksanst. Medd. 62, 26 pp. + 11 figs., Jan. 1956. 

A technique is described for experimentally obtaining damping 
in-pitch from the free oscillations of a wall-mounted half-model in 
a high-speed wind tunnel. The damping is read from a ‘‘dampom- 


eter’’ which basically uses the entire shape of the displacemenr. 
versus-time curve to give a reading of the damping instead of just 
the peaks. Thus relatively few oscillations are required to ac- 

curately define the damping. Experimental results are given for , 
sidewall-mounted triangular wing at Mach numbers from abour 0.5 
to 0.2. 


than linear theory would indicate. The suggestion is offered tha: 


The supersonic results show substantially less damping 


this may be due to the effect of the boundary layer on the trailing. 
edge shock wave, especially in the boundary layer on the wind- 


tunnel wall. L. H. Schindel, USA 


3334. Eckhaus, W., Strip theory for oscillating swept wings in 
compressible subsonic flow, Nat. LuchtLab. Amsterdam Rap. 
F. 199, 14 pp. + 2 figs., Oct.. 1955. 

A general lifting surface of arbitrary shape is considered. Usin, 
linearized theory, the asymptotic expansion is derived for the down. 
wash (valid for high aspect ratio and not too low frequency). The 
terms in this expansion depend only on the properties of the piven 
chordwise section, and thus the present theory may be called a 
strip theory. For a wing swept through angle gd, the pressure is 
cos ¢ times the sum of two-dimensional pressure and a smal! ad- 
ditional pressure given by an equation of the Possio type. The 
theory is shown to agree with results for incompressible flow wher 
M = 0. 

Possible methods are briefly considered for solving the approxi- 
mate integral equation (1) by direct numerical solution and (2) by 
using the solution in terms of Mathieu functions given by Timman 
and van de Vooren [Nat. LuchtLab. Amsterdam Rap. no. F. 54, 
1949] for a two-dimensional airfoil. 

A. W. Babister, England 


3335. Gaukroger, D. R., Wind-tunnel tests on the symmetric and 
antisymmetric flutter of swept-back wings, Aero. Res. Counc. |.ond 
Rep. Mem. 2911, 21 pp., 1955. 

Wind-tunnel tests to determine the symmetric and antisymmetric 
flutter characteristics of a sweptback wing are described. The 
investigation covers the separate experimental treatment of the 
symmetric and antisymmetric body freedoms over a range of wing 
sweepback angles. Consideration is also given to the effect on 
critical flutter speed and frequency of variations in over-all center 
of gravity position, fuselage pitching moment of inertia, fuselage 
rolling moment of inertia, fuselage mass, and tailplane volume co- 
efficient. The test results indicate that flutter speeds lower than 
the flutter speed of the wing with the root rigidly fixed may be ob- 
tained for a tailless aircraft with slight sweepback under unfavora- 
ble inertia conditions of the fuselage; for other sweepback and 
inertia conditions, the flutter speeds are likely to be equal to, or 
higher than, the fixed root speeds. 

From author’s summary 


3336. Woodcock, D. L.., Symmetric flutter characteristics of a 
hypothetical delta wing, Aero. Res. Counc. Rep. Mem. 2839, 23 
pp-, 1954. 

This report considers the flutter characteristics of a hypothetical 
delta wing. It details the results of quaternary calculations show- 
ing the effect on the reduced critical speed of the shapes and rel- 
ative natural frequencies of the first two normal modes of the air- 
craft. From these results the stiffnesses necessary to avoid flutter 
are deduced for two forms of wing structure. The aerodynamic 
forces have been obtained by using two-dimensional derivatives 
multiplied by the cosine of the quarter-chord sweepback in con- 
junction with strip theory applied to fore-and-aft strips. This pro 
cedure is of doubtful validity for the low-aspect-ratio wing con- 
sidered. With this reservation, however, the results confirm the 
adequacy of the present Ministry of Supply wing-stiffness require 


ment. From author’s summary 
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3337. Leonard, RX. W., and Hedgepeth, J. M., On panel flutter 
and divergence of infinitely long unstiffened and ring-stiffened 
hinewalled circular cylinders, NACA TN 3638, 52 pp., Apr. 1956. 

Daper presents very complete theoretical study of the stability 
‘ynstiffened and ring-stiffened infinite cylinders immersed in ex- 

.| and internal fluids flowing parallel to the cylinder axes at 


ynic and supersonic Mach numbers. Most of the numerical 


-k presented concerns the unstiffened empty case, but subsonic 


ire given for the stiffened shell. Conclusions are inter- 


but reviewer hopes that parallel experimental studies will 
W. S. Hemp, England 


sting, 


lertaken and reported. 


3338. Milne, R. D., The unsteady aerodynamic forces on de- 
forming, low aspect ratio wings and slender wing-body combi- 
nations oscillating harmonically in a compressible flow, Co//. 
ero. Cranfield Rep. 94, 42 pp. + 12 figs., July 1955. 

{ method for both subsonic and supersonic speeds, assuming 
slender-body theory, is used [cf. Merbt and Landahl AMR 6, Rev. 
:175|. The equivalent constant derivative for a deforming slender 
ielta wing and the ‘‘rigid’’ force coefficients for pitching and plung- 
1g slender wing-body combinations are calculated after some 
simplifications. All results are subjected to the limitations given 
ited paper by Merbt and Landahl. 

H. G. Lew, USA 


3339. Rainey, A. G., Preliminary study of some factors which 
affect the stall-flutter characteristics of thin wings, NACA TN 

22, 33 pp., Mar. 1956. 

[he results of an exploratory, analytical, and experimental study 
t some of the factors which might be of importance in the stall 
‘utter of thin wings are presented. The factors considered were 
Mach number, Reynolds number, density, aspect ratio, sweepback, 
structural damping, location of torsion nodal line, and concentrated 
tip weights. 

[he importance of aerodynamic torsional damping in the stall 
‘lucter of thin wings has been demonstrated through comparison of 
egions of negative torsional damping and regions ot flutter. 

[he results of a series of experiments on a thin wing tested at 
ious lengths indicate that compressibility definitely alters the 
stall-flutter characteristics of wings of this type and that the com- 

pressibility effects appear to depend on the aspect ratio. 

\ brief study of the inertia effects of concentrated tip weights 
idicates that such effects can be important; however, the large 
umber of parameters involved makes it difficult to generalize the 

results. An approximate analysis is presented for obtaining an 

timate of the stall-flutter char-cteristics of particular wing- 
veight configurations. 

Some of the other factors considered were found to be more or 

; Significant; however, all the factors will require further study 
if their effects are to be more fully interpreted. 

From author’s summary 


3340. Tapscott, R. J., and Gessow, A., Charts for estimating 
rotor-blade flapping motion of high-performance helicopters, 

‘CA TN 3616, 19 pp., Mar. 1956. 

lheoretically derived charts showing steady-state and first- and 
econd-harmonic flapping coefficients are presented for helicopter 
rotors having hinged rectangular blades with a linear twist of 0°, 
~8 , and -16°. The charts, showing the rotor flapping coefficients 

combinations of inflow ratio and blade pitch angle, are pre- 
sented for tip-speed ratios ranging from 0.05 to 0.50. 

[he theory on which the charts are based does not contain any 
small-angle assumptions regarding blade-section inflow angles 


and velocities. These charts are therefore considered applicable, 
within the limits discussed, for flight conditions involving high in- 


‘ow velocities and large regions of reversed velocity. Other than 
‘cluding an approximate allowance for stall in the reversed-ve- 
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locity region, the charts do not include stall or compressibility 


effects. From authors’ summary 


3341. Moore, F. K., Lift hysteresis at stall as an unsteady 
boundary-layer phenomenon, NACA TN 3571, 32 pp., Nov. 1955. 

With the problem of rotating compressor stall in mind, an un- 
steady boundary-layer calculation is made to find the unsteady 
increment of lift of a stalled elliptic airfoil in a flow of time-de- 
pendent incidence. The analysis indicates a counter clockwise 
hysteresis loop of the lift curve. At low reduced frequency, if the 
angle of attack undergoes harmonic oscillation, then the lift incre- 
ment is also harmonic with a 90° phase shift, an elliptic hysteresis 
loop. If the angle of attack varies in a nonharmonic manner, then 
the lift does not have the same time dependence, and the idea of 
time lag is inappropriate. 

The method of analysis follows that of Howarth. The airfoil is 
considered to be at maximum lift to simplify the analysis. For pur 
pose of computing the amount of vorticity shed into the wake, the 
separation point is identified as the point of vanishing shear, just 
as in steady flow. Author points out that this assumption is ques- 
tionable. 

Reviewer believes that paper is a significant contribution to 
the literature. Further investigation along this line should be 
fruitful. Y. C. Fung, USA 


3342. Broadbent, E. G., Flutter problems of high-speed aircraft, 
Aero. Res. Counc. Lond. Rep. Mem. 2828, 23 pp., 1955. 

The flutter problems of high-speed aircraft are considered gener- 
ally, and specific consideration is given to the new problems intro- 
duced by the use of new wing planforms. The theoretical and ex- 
perimental results on the coupled (‘‘classical’’) symmetrical flutter 
of swept (including ‘‘barbed’’ and cranked forms) and delta wings 
are reviewed and presented to show the effect and importance of 
the body freedoms of the aircraft on the critical flutter speed and 
frequency. 

A criterion is proposed for deciding the ‘dangerous type’’ of 
fundamental normal mode to be considered in flutter calculations. 
The danger here is that the fundamental normal mode can combine 
with the body freedoms and give rise to a form of flutter which ts 
independent of the wing torsional stiffness. It is suggested that 
the deciding feature is the shape of the nodal line in the funda- 
mental mode. If it is such as to indicate rotation of the fore-and- 
aft wing sections near the tip, then the mode is considered to be 


dangerous. From author’s summary 


Propellers, Fans, Turbines, Pumps, etc. 


(See also Revs. 3167, 3245, 3273, 3324, 3341, 3381, 
3382, 3403, 3418) 


Book —3343. Pfleiderer, C., Centrifugal pumps for liquids and 
gases [Die Kreiselpumpen fiir Flissigkeiten und Gase], Berlin 
Géttingen/Heidelberg, Springer-Verlag, 1955, xi + 589 pp. DM 
58.50. 

Even the subtitle of this book, ‘‘waterpumps, ventilators, 
blowers and compressors,’’ does not give a full explanation of its 
contents, as by ‘‘waterpumps’’ is meant centrifugal, mixed-flow 
and axial-flow pumps, if we follow the common usage of pumps as 
machines moving liquids. The book in this fourth edition is a 
better arranged and slightly changed version of the third (1949). 
Only pumps are treated in the second edition (1932), as in the first 
(1924), which was translated into French by Professor Bergeron. 
Superseding Neumann’s ‘‘Centrifugal pumps”’ (Springer, 1906 and 



















1912), the early editions served as handbooks for pump designers 
it a time when centrifugals gradually displaced piston pumps in 


ost fields. The further development, enhanced by the available 


high-speed drivers and better materials, is pictured in this last 
edition. 

Due to lack of space, reviewer is constrained to describe the 
book by titles of its 15 chapters with some explanatory notes and 


make a few remarks at the end. 


(A)=-General behavior of the fluid in the pump.- Head, specific 
work and efficiency in hydro- and thermodynamic terms. 

(13)-Principles of flow.- Bernoulli, impulse-momentum equations, 
circulation, potential flow of ideal fluids, flow with friction and 
changing density. Leakage through slots, disk-friction. 

(()-F low-mechanism in impeller and work transfer from its 
vanes.- One-dimensional flow theory, Euler equation for infinite 
number of vanes, influence of finite number, friction, experimental 
coefficients, degree of reaction. 

(D)Impellers of different types and their properties.- Specific 
speed, number of vanes, efficiency, model laws. 

(E)-Limitation by cavitation and sound velocity.- Highest suc- 
tion lift, specific suction number for pumps and specific sonic 
number for blowers, optimization of entrance for both and expost- 
tion of their similarities and differences. 

(F )-Centrifugal impeller with single curvature.- Calculation and 
design with numerical examples. 

(G)=Mixed-flow impeller (double curvature), similarly to F. 

(H)-Axial-flow impeller.- Blading with different degrees of re- 
action, blower design with elementary theory. Calculation with 
airfoil and cascades, also of diffusor. 

(1)-Diffusors and volutes.- For single and multistage pumps. 

(K)-Characteristic curves.- Calculation from theoretical, with 
friction and shock losses, change with types, affinity law. 

(1.)-Regulation.- Throttling, movable diffusor vanes. 

(M)-Axial thrust and its balancing. 

(N)-Examples of complete machines for gas and liquid.- Single 
and multistage, horizontal and vertical. 

(O)= Multistage axial compressor.- Calculations with numerical 
example. 

(P)- Strength calculations of the principal members.=Impeller- 
disk, critical speed of shaft. 


Appendix. Self-priming pumps.- Watering and peripheral. 


This lengthy enumeration falls short of giving the proper im- 
pression of the stimulating treatment of the various subjects. Still, 
American designers will notice some important shortcomings. In 
revard to pumps, their design is still an art, not a science, there- 
fore refinements must manifest themselves in more definite design 
coefficients. The improvement from around 10% in efficiency to 


c lose 


to 90% or better for good types in the last 25 years and how 
they were brought about are not signified and even the examples 
are often of the second edition. One misses Thoma’s complete 
characteristics for all possible operating conditions represented 
better by the Karman-Knapp circle diagram, which ts getting more 
important for pump-turbines in power-storage schemes. In construc 
tion: American practice does not use diffusors for single-stage 
pumps, but volutes, which are designed for constant velocity dis- 
regarding friction and change of radius, with better results. Vo- 
lutes are open, not narrowed to impeller width, permitting impeller 
cuts without impairing efficiency and change of case. Double vo- 
lutes in place of diffusors are often used for multistage pumps. 
Rall radio-thrust bearings take both radial and axial load, no 
need for two separate bearings as they are shown in horizontal and 
deepwell pump illustrations. Latter (taken from the second edi- 
tion) was obsolete 25 years ago in American practice. Vertical 
pumps are standard tor condensate pumps and used generally in 
the mixed-flow design for condenser circulating pumps, instead of 
horizontals with two double-suction impellers in parallel. Motor 


pumps with impeller on motor shaft extension and pump case on 





motor bracket up to 6-8 in. size, in general use here, are not mep. 


tioned, nor the gradual elimination of the packing box by the 
mechanical seal. 
Regarding machines handling gas, Eck’s ‘‘Ventilators’’ (1952) 





Kluge’s ‘'Centrifugal blowers and compressors’’ (1953), and Eck. 





ert’s ‘‘Axial flow and centrifugal compressors’’ (1953), all in Ger. 
man, (Springer edition) treat the subject in greater detail. Nor- 
withstanding reviewer’s criticism, the book with its wealth of 
ideas belongs to the students’, teachers’, and designers’ library, al 
A. Hollander, USA the i 


3344. Acosta, A. J., and Bowerman, R. D., An experimental 
study of centrifugal pump impellers, Ca/i/. Inst. Technol., Hydro- 
dyn, Lab., Pasadena, Calif., Rep. E-19.8, 27 pp. + 27 figs., Aug. 
1955. 

A series of very detailed experiments was conducted on four 
two-dimensional impellers (cascades with radial flow between 
plane annular shrouds) in which the inlet angle was the only vari- 
able. The experiments include head, torque, and efficiency meas- 
urement in addition to internal loss, velocity profiles, and pressure 
distribution. The results are compared with those of a well- 
designed commercial three-dimensional or Francis-type runner. 
The latter has better efficiency and flow rate than the two- 


dimensional ones. A. Betz, Germany 


3345. Costilow, E. L., and Huppert, M. C., Some effects of 
guide-vane turning and stators on the rotating stall characteristics 
of a high hub-tip ratio single-stage compressor, NACA TN 3711, 


52 pp., Apr. 1956. 3348 


Rotating stall characteristics of several guide-vane-rotor and Ri 
of 





guide-vane-rotor-stator configurations were investigated. Guide 
0°, 22.5°, and 40°. The 


tlow 


vane turning angles used were —22.5, 
stage hub-tip ratio was 0.9. 

Results indicate that the initial rotating stall point, number of 
stall zones formed, and stall propagation rate of a configuration 





depend not only upon blade-row inlet angle and pressure-rise 
characteristic, but also upon the over-all characteristics of the 
multiblade row unit as well. The addition of stators to a particular 








guide-vane-rotor configuration generally increased the flow coet- 





ficient where rotating stall was initially encountered, and lowered 
the stall propagation rate. The number of stall zones formed in 
the annulus did not appear to depend upon guide-vane turning or 
the presence of stators. 

From authors’ summary by A. S. Andes, USA 





3346. Peschka, W., Axial compressors as sound sources (in 
German), Ing.-Arch. 10, 1, 80-95, 1950. 


3347. Etinberg, |. E., Application of Lesokhin’s method for de- 
signing of Kaplan turbine vanes and computation of the cavitation 
parameter o (in Russian), Inzhener. Sbornik, Akad. Nauk SSSR 2), 
163-179, 1955. : 

The basis of the method is the assumption that (1) the flow in 
the runner of a Kaplan turbine does not show any radial component 
of speed, and (2) that the flow around the vanes in each cylindrica 
section of the runner is equal to the flow around the vanes of a 
straight infinite cascade of airfoils, resulting when the cylindrica! 
section of the runner in question is projected into a plane. Author 
attempts to refer the calculation of runner vanes and their three- 
dimensional flow to the calculation of a straight, plane and in- 
finite cascade of airfoils. To this latter calculation method, the 
well-known singularity method is applied, in which the airfoils are 
replaced by a continuous distribution of vortex and source sinks. 
Furthermore, a source is arranged at each inlet edge of blade, 
thereby attaining a round shape of the inlet edge. At first the 
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ne of the airfoil in cascade is calculated. The second step 
civates the profile form. 

he calculation the following will be assumed as existing: 
cance of the airfoils t, vane length 1, maximum thickness 5 


1p-off radius at the inlet edge p, angle at the trailing edge 





e mean flow without cascade of airfoils w|. The calcu- 
onducted according to the method of successive approxi- 
vhereby the speeds produced by the airfoils in cascade 

ere taken from design charts. In calculating the induced speeds 

lated airfoil, the local curvature of the mean line is to be 
asidered closely. 
viewer comments that the process is an approximate, however 
exact, calculation method of the plane, straight, and 
nite cascade of airfoils. The application of the method in 
lating the form of the vanes of Kaplan runners is entirely 
s and hardly permissible for the following reasons: (1) In 
r of the Kaplan turbine, radial speeds cannot be avoided 
eletzky, ‘‘Significance of the radial speed component in the 
er of Kaplan turbines,’’ Vorth-Konstruktion und Forschung no. 
§§|. (2) The flow around the vanes of an axial flow runner is 
ruivalent to a two-dimensional flow through a straight, plane, 
ite cascade of airfoils [AMR 5, Rev. 3205]. 
ipplication of this method for calculating Kaplan runners, 
sually a few vanes and rather small hub ratios may lead 
ne circumstances to considerable errors. The designer 
ids to calculate Kaplan turbine runners on the basis of 
ethod must rely fully on expensive tests. 


M. Strscheletzky, Germany 


3348. Dittrich, R. T., and Graves, C. C., Discharge coefficients 
for combustor-liner air-entry holes, |. Circular holes with parallel 
IN 3663, 


flow, NACA 3, 39 pp., Apr. 1956. 

al, empirical information is given and method of applica- 
ombustor-liner design 1s demonstrated. Discharge coeffi- 
orrected for pressure-ratio effects, were correlated with a 


v parameter which represents approximately the square of the 


he jet velocity to the parallel flow velocity. Studies were 


) parallel flows on the outside, or high-pressure side, of 


nly. Ranges of variables covered were: hole diameter 


1.50 in., external-flow passage height 0.74 to 2.23 in., 
kness at hole 0.040 to 0.500 in., external parallel flow 
to 500 fps, static pressure drop across hole 0.007 to 
, boundary-layer thickness of external parallel stream 0.04 
n., Static pressure of external stream 7.35 to 25 psia. In- 
irallel flow was zero, but according to authors’ results 
e applicable whenever the jet velocity through the hole ex- 
internal parallel flow velocity. Of the parameters in- 
ed, the external parallel flow velocity and static pressure 
the most significant. 
ver believes that demonstrated importance of external flow 
indicates a need to extend studies to include nonzero 


velocities. C. L. Coldsen, USA 


3349. Cheers, F., "evelopment of an air injector, Nat. Res. 


inad. mech, Engng. Rep. MY-31, 11 pp. + 11 figs., Mar. 


tain high flow rates at low pressure from an existing low- 

ite high-pressure compressor, author designs simple air in- 
One-dimensional compressible flow relations are taken 

udlaw [AMR, 4, Rev. 36731. 


ince with theoretical is fair at low primary jet pressures 


Agreement of finished injector 

nes worse at higher pressures. Jet noise can be de- 

by use of a convergent-divergent primary nozzle. In open- 

econdary nozzle, flow 1s unsteady and velocity distribution 
tlowever, when a high drag test rig was attached to the 
tlow and velocity profile evened out. 


E.G. Chilton, USA 


44] 


Flow and Flight Test Techniques 
(See also Revs. 3267, 3272, 3298, 3316, 3317, 3325, 3335, 3349) 


3350. Hopkins, E. J., and Sorensen, N. E., A device for vortex- 
core measurements, J. aero. Sci. 23, 4, 3%=398 (Readers’ Forum), 
Apr. 1956. 

Device is small circularecylinder windmill: rotational speed is 
maximum when instrument is at center of vortex. Preliminary in- 
vestigation up to 200 tps showed device locates vortex cores accu- 
Design would need modification for high-speed use. 

Be. 


rately. 
Pankhurst, England 


3351. Leist, K., Experimental determination of the distributions 
of pressure, temperature, and stress in fast-running turbine rotors 
(in German), Z Flugutss, 4, 3/4, 128140, Mar./Apr. 1956. 

Paper describes experimental techniques in detail and gives re- 
sults of preliminary measurements. 

Pressure distributions were measured at 140 stations on one of 
the blades on a single rotor driven by cold air at speeds up to 
12,000 rpia (chord Reynolds number 2 x 10%, Mach number 0.5) and 
for different blade spacings. The temperatures were measured by 
thermocouples placed at four points in a blade and at several 
points in the disk of a rotor driven by hot air. The stress distri- 
butions were measured in flat disks with eccentric holes by means 
of stroboscopic-photoelastic observations. 

N. H. Johannesen, England 


3352. Herning, F., Investigation of pressure distribution near 
measurement throats in a 1000-mm pipe (in German), Brennsto//- 
Warme-Kraft 8, 3, 118-125, Mar. 1956. 

Although direct flow calibration was not possible, valuable in- 
formation is presented on wall pressures near standard nozzles and 
standard and segmental orifices. Aperture ratios m of 0.1 to 0.55 
were studied tor gas flows in the Reynolds number range 2 to 
6 x 10°. In this large pipe the minimum pressure for standard ori- 
tices was tound 0.1 to 0.15 P closer to the plate than the standard 
average value. The minimum tor nozzles was further downstream 
and that tor segmental oritices further yet, but both are closer to 
the plate than previously reported for smaller pipe. Author thus in- 
ters a downstream shifting of vena contracta with increase in re- 
lative roughness. 

Measurements are also interpreted in terms of the pressure rise 
before and fall after the various devices, the pressure loss, and 
the correction to the discharge coefticient & tor nonstandard lo- 


cations ot the pressure piezometers. This latter is shown to di- 


verge significantly trom standardresults. The loss in percentage 


of working pressure 1s a unique function of m + % Study of the ef- 
tect ot difterent-sized piezometers is inconclusive due to pressure 
tluctuations giving uncertain, and even talse, values. Suggestions 
are made tor keeping piezometers out of zone ot tluctuations. 

Reviewer believes paper will prove most valuable to those inter- 
ested in standardization of throat-type flow meters. 


}. M, 


Robertson, USA 


3353. Thibessard, G., Discharge experiments with orifices on 


the end of a pipe (in German), Brennstof//-Warme-Kraft 8, 3, 116-117 
Mar. 1956. 


Careful tests in the Reynolds number range 10* to 10° indicate 


that the discharge coefficients of pipe orifices (with free discharge 
from smooth pipe) for area ratios m ot 0.1 to 0.05 are 0.5 to 1.0% 
higher than the VDI standards for such orifices in a continuous 
pipe line. The same orifices tested with a following length of pipe 
indicated coefficients 0.1 to 0.4% high. Thus author recommends 
that coefficients for pipe orifices be taken somewhat higher than 


for the same orifice plate in a pipe line. 











Similar tests for orifices at the end of a rough pipe indicated 
a linear increase with m of the discharge coefficient over that for 
J. M. Robertson, USA 


smooth pipes. 


3354. Wuest, W., Theory of Bourdon tubes (in German), /ny.- 
inch. 24, 2, 92-110, 1956. 

Under well-defined assumptions, stresses and displacements of 
Bourdon tubes (meant for internal pressures between 100 and 
10,000 kg/cm’) with special cross section are calculated and com- 


pared with experimental data. C. B. Biezeno, Holland 


3355. Johnson, R. C., Averaging of periodic pressure pulsations 
by a total-pressure probe, NACA 7N 3568, 30 pp., Oct. 1955. 

Theory and experiment are compared for total-pressure probe 
periodically passed across edge of a 0.7Sin. high-velocity air jet. 
Probes range from 0.012 to 0.047-in. diam and from (0.01 to 15 in. 
long. Frequency ranges from 3 to 50 cps. Probe velocity is al- 
ways small compared with air velocity. Stagnation pressure ratio 
ranged from 0.15 to 1.8. Optimum probes should be of smal! di- 
ameter and long, consistent with speed of response requirements. 
Good agreement with theory was obtained when maximum Reynolds 
number tn probe was less than 8000. Derivation of equations, 
sample calculations, tabular data, graphs, and illustrations are in- 


cluded. G. R. Carlson, USA 


3356. Khavkin, L. P., On measurements of low pressures in 
different gases with a thermocouple gage (in Russian), Zh. tekh. 
Fiz. 25, 4, 726-732, Apr. 1955. 

Calibration of the vacuum thermocouple gage of Soviet manu- 
facture, designated LT-2, for different gases in the range of pres- 
sures from 0.001 to 1 mm Hg is discussed. Simplified theory indi- 
cates that the sensitivity coefficient dp/dF, F being thermocouple 
voltage, is inversely proportional to the product of the heat con- 
juctivity A of the gas and the accommodation coefficient a of the 


gas relative to the material of the heated wire. From accepted 
values of a relative to platinum and A for H, , Kr, He, Ne, CO, 
Ar, and CO, 


in air were predicted and well verified by experiments. 


the ratios g of the sensitivities in these gases to that 


Simplified arguments for ato take the form 1—exp! - 6 (M2), 
where Mis the molecular weight of the gas and the constant (3 
absorbs the inverse square root of a mean characteristic tempera- 
From 900 measurements of q 


ture 7 of the gas cloud, are given. . 


the value of (3 of 0.244 was inferred. The formula then predicts 
well the classical experimental accommodation coefficients for 
platinum and provides a simple means for measuring those for other 
pases, as was done for CH,, C,H,, C,H,, C,H,, H,S, and SC,. 
Discrepancy of formulas for a and q and experiments of some 30% 
were noted for C,H, and C,H,. These could be due to uncertainty 
in the ratio of specific heats 0 for these gases, a value present in 


the formula for q. M. V. Morkovin, USA 


3357. Poggi, L., A new kind of differential micromanometer 
(in Italian), Pubbl. Fac. Ing. Univ. Pisa (16), no. 752, 3 pp., 1955. 

A body of revolution floating in a fluid and suspended on two 
parallel filaments turns under the effect of a small torsional mo- 
ment about its vertical axis by an angle that is a function of the 
change of the fluid level. Small changes in fluid level are trans- 
lated into large angular movements which can be read conveniently 
by means of a mirror system or a mechanical pointer. This princi- 
ple is applied to the design of a micromanometer. Main advantages 
over conventional vertical or oblique tube manometers are e!imina- 
tion of adverse effects of meniscus shape, adhesion forces, and 
viscosity of the fluid on manometer readings. Several design as- 
pects, means of calibration, and feasibility of a null method (by 
adding or draining known amounts of fluid compensating for change 


of fluid level due to change of pressure differential) are discussed. 





3365. 


Method looks very promising for small pressure differentials 


; ; eins Science 
down to fractions of millimeters of water. Unfortunately, no fipy,. 
are given of accuracies actually obtained with author’s prototyne 7 
H. J. Ramm, Us4 
3358. Kozlov, B. K., Flow pattern of gas and fluid mixtures anj 
their steadiness threshold in vertical tubes (in Russian), 7). 
Fiz. 24, 12, 2285-2288, Dec. 1954. 
Study was carried out by cinematography of air-water mixtures 
transparent 25-mm diam pipe, varying the proportions of air, wate; 
from 0 to 1.0, and the velocity of the mixture from 0.1 to 20 m/se- 
under a mean pressure of 1.5 atmos. Author finds six forms of 
motion of mixture, from small bubbles of air in water through com 
plete emulsion to droplets of water in air, and establishes prap} 
limiting these forms tn function of the various parameters of flo 
A. G. Foster, England 
3359. Zorn, H. C., Measuring flow velocities and determining 
lines of main current in water-beddings by means of photogram- 3366 


metry (in Dutch), Ingenieur 68, 6, B.23-B.27, Feb. 1956. wall w 
The method allows more than one target to be used at a time, 
The photographic background is explained; the photogrammetri: 
tails can be found in the several handbooks on photogrammetry. 
From author’s summar 


3360. Geller, E. W., An electrochemical method of visualizing 
the boundary layer, J. aero. Sci. 22, 12, 869-870 (Readers’ For: 


Dec. 1955. 


3361. Frederick, C. L., and associates, Automatic pressure 
measuring systems used with high-speed wind tunnels, AGAR! 
51 pp., June 1955. 


A survey of the principal devices and typical systems deve 


graph 10, 


for automatic pressure measurement in high-speed wind tunn: 


the United States. From author’s sumr 


3362. Johnson, J. B., Convection type manometer, Kev. 
Instrum. 27, 5, 303-305, May 19506. 

A manometer is described which depends on heat convecti 
rather than on molecular heat conduction. Its range may be fr 
few mm of Hyg to atmospheric pressure or more. Its performan 
for various conditions is explored, including its possible us« 


inclinometer. From author’s summanr 


3363. Cooke, J. R., The use of quartz in the manufacture of 
small diameter pitot tubes, Aero. Res. Counc. Lond. curr. Ia! 
193, 7 pp. + G figs., 1955. 
This note describes the method of manufacture of small quartz 
tipped pitot tubes(down to 0.005 in. outside tip diam) which hav: 
been used successfully for boundary-layer measurements on sn 
models in a supersonic wind tunnel. 
Tests have been made (a) of the effects of taper and end finis! 
on the accuracy of measurement and (b) of the effect of the inside 
diameter of the tip (for a standard taper) on response rate. for 4 3 
given inside tip diameter the tapered quartz tubes gave a faster 
response rate than the stainless-steel hypodermic tubes previou 


used. From author’s summary 


3364. Nethaway, J. E., Low speed wind tunnel calibration of a iis 
Mk. 9a pitot-static head, Aero. Res. Counc. Lond. curr. Pap. 244, 
3 pp. + 1 table + 3 figs., 1956. 

Note describes the calibration of a Mark 9A pitot-static head | 
the No. 2 The results show the variation 0 


pitot and static pressure error coefficients with incidence, at 


‘ 


11%-ft wind tunnel. 


constant tunnel speed. From author’s summary 
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3365. Tietjens, O., The wind tunnel at the Indian Institute of 
‘ence, Bangalore, South India (in German), Z Flugwiss. 4, 1/2, 


-b. 1956. 


»f a larger expansion program of the Department of 


S 


Engineering in India a description of a new wind 
ven. Starting with the desirable qualities of a wind 
explained that the power required for an openecircuit 
is smaller than for the closed-circuit type. It is 
iny disturbances like winds or gusts at the entrance or 
»f an open-circuit wind tunnel can be eliminated by 
iitable screens. If these screens are placed where the 
the air sucked in by the propeller is still very small, 

required to overcome frictional losses due to the 
Vith comparatively small cost, a wind tunnel has been 

is (1) a very uniform velocity distribution, (2) a very 

ce level, and (3) the possibility of placing engines and 

in the wind tunnel for testing purposes. 


From author’s summary 


2 
oP) 


4 
0 


> 


Vandrey, F., and Wieghardt, K., Experiments on a slotted- 
L.or a, 


wall working section in a wind tunnel, Aero. Res. Counc. 
206, 10 pp. + 8 figs., 1955. 

nt investigation was undertaken in order to develop a 
for a planned water tunnel with the correction proper- 


considerably greater length than a con- 


free jet, but with a 

pen working section. 

eriments were carried out in air (V = 96 fps) with a jet 
ind 30-in. length, enclosed in a cage of 16 longitudi- 


The 


represent- 


th an opening ratio of 18% of the total boundary. 

trrounded by a rigid cylinder of 12'3-in. diam 

‘r boundary of the water tunnel. 

results were: The velocity distributions of the jet in 
ibout the same as in a free jet at half the distance 
-zle. The static pressure in the cage is constant. 
stributions of models in the cage are the same as ina 
en considerable alterations of the design and defor- 

f the cage have practically no influence on the results. 

authors’ 


From summary 


367. Vandrey, F., Further experiments with a slotted-wall test 


section ero. Re Counc. Lond. curr. Pap. 207, 7 pp. + 9 
y previous experiments, a slotted-wall test section 
utable for a water tunnel intended for the testing of 
The present report deals with the transition from 
f test section to the diffuser. 
i results are: The optimum diameter of the diffuser 
out 10% greater than the diameter of the nozzle (for 30 


4 


test section, less for smaller losses). A gap shoul 


veen the end of the slotted-wall and the diffuser entry. 
the test section has very little influence on the pres- 
liffuser entry. 

‘nts both tn air and water are in good agreement. 


From author’s summary 


3368. Thomson, T. A., Temperature control of blow-down super- 


onic tunnels, J. roy. aero. Soc. 60, 541, 67-70 (Technical Notes), 


3369. Spence, A., Leathers, J. W., and Kirby, D. A., Low-speed 
tunnel model tests on tailplane rolling moments in sideslip, Acro. 
unc. Lond. Rep. Mem. 2941, 20 pp., 1955. 
vide data for stressing purposes, measurements have been 
the effect of sideslip on the rolling moment on a 41.5 
ck tailplane mounted at three heights on the tin of a 1/ 5th 


ial 


odel of a single jet aircraft with a 40 sweptback wing. 





Incidence and tailplane setting were varied, and the effects of rud- 
ler deflection were obtained with the tailplane at the top of the 
fin. Brief results on a delta aircraft model with a delta tailplane 
at the top of the fin are also included. 


(a) At zero tailplane lift, for tail heights 0.31, 0.62, and 0.99 
ly, the values of (—/ ‘ait? 
1 ati 


These values are in- 


times the fin height external to the bo 


are 0.111, 0.172, and 0.199, respectively. 


creased slightly by increase of incidence. 

(b) The variation with tailplane lift is as estimated for the tail- 
plane alone. 

(c) Deflecting the rudder changes the rolling moment on the hig! 
tailplane in proportion to the change of side force on the fin and 
rudder. A smaller effect would be expected on lower tailplanes 
where the flow round the body contributes more to the rolling mo- 


ment. From authors’ summary 


3370. Thomson, T. A., Experiments on a temperature recovery 
system for a blow-down supersonic wind-tunnel, Acro. Res. [abs 


Melbourne, Austral. Rep. A.91, 39 pp. + 13 figs., Feb. 1955S. 
Tests were made on a packed glass-wool heat regenerator in th 


settling chamber of 4 small supersonic wind tunnel. It was found 


that the temperature uniformly dropped abour 0.7% of its initial 


value during the time interval where theory indicated uniform ourt- 
flow temperature. This rate of decrease continued in subsequent 
time intervals where a more rapid decrease was expected. Feasi- 


} 


ble processes which might explain these phenomena were ex 


tively investigated without entirely conclusive results. Reviewer 


} 


suggests that release of heat stored in components other than the 


glass-wool might have been one of the contributing factors. 


1. S. Holdhusen, USA 


3371. Johnson, F. ¥., Dynamics of instrument bearing torque 


testing, ASME Ann. Meet., Chicago, IIl., Nov. 1955. Pap. - A=] 
© pp. + { figs. 
Establishing standards for measuring and specifying tnstrument 


ball-bearing torques is known to require devices of mechanica 


It is less generally recognized that it also requires th 


precise concepts and language of dynamic control and measure- 


cision, 


ment. While there are many types of torque-testing devices availa- 


ble, most are designed and used ona purely empirical basis, havin 


outputs more or less related to bearing torque. As a basis of es- 
ee 0a Bae f Searing excelte ee ape en 
tablishing standards of bearing excellence, such instrument 
should provide a true torque measurement as a function complete 
correlated with the performance of the instrument. 
From author’s summar 


Thermodynamics 


(See also Revs. 3193, 3281, 3348, 3352, 3353, 3354, 3357, 3362 
3393, 3413, 3423, 3435, 3439) 


Book—3372. Einstein, A., Investigations on the theory of the 


Brownian movement, New York, Dover Publications, Inc., 1950, 


$1.25 (paperbound). 


119 pp. 
3373. Ramsey, N. F., Thermodynamics and statistical mechan- 
ics at negative absolute temperatures, /’)ys. Rev. (2), 103, 
1, 20-28, July 1956. 
Systems with an upper bound for the energy can possess a nega- 
tive temperature. The transition from positive [~' to negative | 


is continuous, negative temperatures being ‘‘hotter’’ than positive 


Author discusses changes in formulation of thermodynami< 


and statistical theorems to be made in order that these are valid 


ones, 


for both positive and negative temperatures. Author discusses 


spin systems at negative temperatures and mentions some possible 
applications of systems at negative temperatures, 


D, ter Haar, England 


3374. Saxena, S. C., On the two schemes of approximating the 
transport coefficients (Chapman-Cowling and Kihara), /. phys. 
c. Japan 11, 4, 367-368, Apr. 19506, 
The three elementary transport coefficients and the isotopi¢ 


‘ 


thermal separation ratio have been evaluated over an extensive 
range of temperatures by utilizing the expressions derived on the 
approximation procedure due to Kihara, for the Lennard-Jones 
12:6 model. These values have been compared with the corre- 
sponding, and a still higher-order approximation, values calculated 
on an alternative approximation scheme of Chapman and Cowling. 
The comparison of the results obtained on the two schemes of ap- 
proximation indicates that the simple expressions of Kihara are 
more accurate and preferable even to the corresponding higher ap- 
proximation expressions of Chapman and Cowling. 


From author’s summary 


3375. Srivastava, B. N., and Saxena, S. C., Generalised rela- 
tions for the thermal diffusion factor of inert gas mixtures with one 
invariable constituent, Physica 22, 4, 253-262, Apr. 1956. 

[he variation of the thermal diffusion factor & for binary mix- 
tures of inert gases, when one constituent is kept fixed and the 
other varied, has been investigated and semi-empirical formulas 
have been derived for the variation ot & with the proportionate mass 
difference of the molecules, These results have been explained in 
terms of the Chapman-Enskog formula for the case of Lennard- 
Jones 12:6 model by utilizing the experimentally obtained unique 
dependence of the force constants €;; and v;; on the molecular 
mass of the variable constituent for a given series of mixtures. 
The same considerations have been applied to isotopes of mona- 
tomic molecules and suitable formulas have been deduced for %, 


¢,, and v,,. The formulas have been tested by calculating the 


11 


force constants of radon. From authors’ summary 


3376. Hill, N. E., Mutual viscosity and diffusion in liquid mix- 
Lond. (B) 68, 424, 209-212, Apr. 1955. 


liffusion in liquid mixtures is proposed which shows 


tures, Proc. phys. Soc. 
A theory of 


that the intrinsic diffusion coefficient ..4 of the substance A ina 


mixture of A and B in which the mole fractions are respectively /a 


ind /f 1S 


ny 


) 
,~ AT/O aN a% a * fp AB7 AB 
the viscosity of the pure liquid A, 74 is the mutual 


ity of che mixture, and 


where NA 1S 


VISCO: aa and oag are intermolecular 
listances, 
This leads 
} 


which are in good agreement with the experimental values, both in 


to values of I), the measured diffusion coefficient, 
the limiting case when the concentration of one component is very 


low, and for 50% mixtures, From author’s summary 


3377. Biot, M. A., Thermoelasticity and irreversible thermo- 
dynamics, J. appl. Phys. 27, 3, 240-253, Mar. 1956, 

A unified treatment is presented of thermoelasticity by applica 
tion and further developments of the methods of irreversible ther- 
modynamics. The concept of generalized free energy introduced 
in a previous publication plays the role of a “‘thermoelastic po- 
tential’? and is used along with a new definition of the dissipation 
function in terms of the time derivative of an entropy displacement. 
The general laws of thermoelasticity are formulated in a varia- 
tional form along with a minimum entropy production principle. 

This leads to equations of the Lagrangian type, and the concept of 
thermal force is introduced by means of a virtual work definition. 
Heat conduction problems can then be formulated by the methods 


} 


of matrix alpebra and mechanics. This also leads to the very gen- 


eral property that the entropy density obeys a diffusion-type lay. 
General solutions of the equations of thermoelasticity are also 
given using the Papkovitch-Boussinesq potentials, Examples are 
presented and it is shown how the generalized coordinate methog 
may be used to calculate the thermoelastic internal damping of 


} 


elastic bodies. From author’s summary 


3378. Vlieger, J., and De Groot, S. R., On the theory of recip. 
rocal relations between irreversible processes. Statistica! founds. 
tions of thermodynamical fluctuation theory in moving media, 
Physica 20, 7, 372-382, July 1954. 

Recently S. R. de Groot and P. Mazur have extended Onsager’ 
proof of reciprocal relations between irreversible processes to thy 
case of vectorial and tensorial phenomena. In the derivation, ex. 
pressions are used for certain averages of fluctuations of the vari. 


and /34, which describe the state of a great number of 


ables 47 
cells yu, into which the system is divided. These averages are 


calculated with the help of the probability distribution 
P ~ explAS(a%, BE)/kS 


where .\S is the deviation of the entropy from its equilibrium 
value. 

The use of formula [1] in the case where the state variables in- 
clude barycentric velocities of the material elements should be 
justified. This is possible, but in the present paper a slight], 
simpler method is preferred to find the averages of the fluctua- 
tions, necessary for the proof of reciprocal relations. It turns ou 
that, for their derivation, distribution functions for the state vari- 
ables of one or two cells suffice. From statistical calculation 


these are found to be 
P, ~ exp(AS;/k) 
P,, ~ exph(AS} + AS3)/kI 


where \S" is a quadratic form in the state variables of the c 
1 (= 1, 2), including barycentric velocities. . 

In the theory, independent state variables are used in a natura 
way, in contrast with De Groot and Mazur’s (and Casimir’s) treat- 
ment, where dependencies exist among the state variables a 
consequence of the conservation of mass and energy. One c 
of course, eliminate a number of variables, so as to obtain a 
independent state variables, but this complication can be avo! 
by using the distribution functions [1] and [2] instead of [3], a 


done in this paper. From authors’ summar 


3379. Owe Berg, T. G., On the thermodynamics of mixtures, 
Appl. sct. Res. (A) 4, 5 ‘6, 393-404, 1954, 

The difterence between two equilibrium states is composed 
configurational and thermal change. The thermal change is con- 


posed of a reversible part NE s. \S’, and an irreversible part 


Tr 
th, 
\E! \S’,.- The second law of thermodynamics, \E = T \S, is 


th,? 
applicable to the total change if AF cons, — ToA\S cons, = —(M 4h, 
IT. To be 
QO» ) 


- I i js - ; 
ToA\S1,.) = A or if AED, ToAS _ smi.’ AS’, = AR | 
Ac the particular te 


“conf. 
the temperature at which the change occurs. 


ee! § ; 
b conf. rT, \ conf. 
ess is reversible at this particular temperature. 


perature 7, = 7, we have AF Hence, the pr 
The heat of mix 
(reaction, neutralization, etc.) at the temperature 7, is T, AS, 
T, 
\C d1, where AC, is the change in specific heat. The ¢ 
0 
tropy of mixing at the temperature 1, #7, is \S - onf. ' AS ob.” 
These formulas are applied to mixtures and illustrated by the 
vation of vapor pressure formulas and by the calculation of the 
heat of neutralization of HiCl with NaOH. 


From author’s summary 


3380. Leidenfrost, W., Measurement of true specific heat of 
solid bodies (in German), ATM no, 243, 93-94, Apr. 1956. 
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Book—3381. Schimanek, E., Energy conversion in heat engines 


‘Energiadtalakulas Héerégépekben], Budapest, Akadémiai Kiado, 


introduction, the basic dynamic and thermodynamic prin- 

tac are given. The next two chapters are devoted to the basic 
; atoll s of reciprocating steam and gas engines, including gaso- 

and diesel motors. The turbine (steam and gas) are treated 
xt. Improvements of the ideal cycle and the irreversible proc- 


ire the subject of the following two chapters. The last 

apter deals with design considerations of heat engines—recipro- 
engines as well as turbines. Finally, a few words are in- 

ibout possible future developments. 

\yrhor points out that the book is aimed toward use in theoreti- 


.s well as design work. Actually, it falls short in both re- 


lude 


Ir is, at best, a first introduction to the field. This book 
ws again that the large field cannot be covered in 208 pages. 
T. P. Torda, USA 


3382. Liunggren, K., Applications of radioisotopes in steam 
oower plants (in Swedish), Tekn. Tidskr. 86, 20, 467-470, May 


s { 
. 


Heat and Mass Transfer 


See also Revs. 3192, 3193, 3238, 3260, 3282, 3351, 3356, 3362, 
3368, 3370, 3372, 3375, 3381, 3382, 3425) 


Book —3383. Fourier, J., The analytical theory of heat (trans- 
\. Freeman), New York, Dover Publications, Inc., 1955, 
xill +406 pp. $1.95 (paperbound). 
iost striking thing about the exposition of Fourier is the 
eteness of his presentation. He parlays the phenomenol- 
| equations of Biot, Newton, and others into the traditional 
erential equations in the simple coordinate systems. He was 
t the basic modcs of heat transfer and recognized heat 
The 


Having 


e, heat conduction, heat convection, and heat radiation. 
eters of the various modes seem to be understood. 
shed the differential equations and expounded the funda- 
| notions, he proceeds to develop solutions to the equations 
rious boundary conditions. As a means to this end he uses 
metric series and integrals. He shows that a function may 
xpanded as an infinite trigonometric series and determines the 
sion for the general coefficient. He recognizes that dis- 
uous functions are expandable by his method and is perhaps 


“fany function whatso- 


ittle over optimistic when he says that 
"1s so expandable. The infinite trigonometric integral is 


ped. He 


t 


concludes his work with a review of the basic 
; of heat transport. 

e style of writing is more like an essay than a technical 

xposition, and at times he takes much space to say little. How- 


when viewed with respect to the time of this work, and the 


step torward it represents, this criticism becomes invalid. 


‘nts of heat transter will find this work has many absorbing 
ets, and that many rewarding hours of constructive leisure are 
Store for those who wish to follow the author’s development of a 
new 


part of physical science. The library of no person who is 


erlous about heat transfer should be without this volume. It is an 
tial contribution to the field, and reviewer is unaware of an- 

her of similar stature. 

[he translation of this ‘told classic’’ is fluid and very readable. 


e translator’s footnotes are ample and valuable. 
C. R. Mischke, USA 


3384. Datsev, A. B., A thermal conductivity problem in two- 
dimensional multilayered solids (in Russian), Dokladi Akad. 
\auk SSSR (N.S.) 101, 5, 813-816, 1955. 
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The tundamental significance ot the theory of potential for the 
Laplace equation is well known. Starting, in the mathematical 
theory of heat conduction, with the singular solutions correspond- 
ing to instantaneous point sources of heat, an analogous theory 
may be developed also for the differential equation of conduction 
of heat. The resulting thermal potentials enable us to reduce 
boundary-value problems of this latter equation to integral 
equations. This efficient way of treating a number of important 
questions was extensively used by many earlier authors [see, 
e.g., Levi, Annali di Matematica 1908; Gevrey, J. Math. pures 
appl. 1913]. 

The greatest value of the paper under consideration is that it 
shows how the above method must be modified in the case of 
multilayer cylindrical bodies and for two-dimensiona! problems in 
multiconnected domains. The procedure is explained in detail on 
the advanced case of heat conduction in the composite region 
consisting of an infinite homogeneous cylindrical core of arbitrary 
cross section, surrounded by another homogeneous medium extend- 
ing in all directions to infinity. The solution is given under quite 
general initial conditions and for continuous variation both of the 
temperature and of the flux at the surface of separation of the two 
media. The method can be applied also for other types of the 
space conditions. 

Paper is a substantial contribution to theoretical treatment of 
advanced problems of heat conduction. Of course, practical 
calculations may be very complicated. 

V. Voditka, Czechoslovokia 


3385. Datsev, A. B., A thermal conductivity problem in three- 
dimensional multilayered solids (in Russian), Dokladf Akad. Nauk 
SSSR (N.S.) 101, 6, 1019-1021, 1955. 

This paper extends the method of solving advanced boundary- 
value problems on heat conduction by means of thermal potentials 
[see preceding review ] to three-dimensional cases. Detailed 
attention is paid to the composite body consisting of two homo- 
geneous isotropic media: the inner part is bounded by a closed 
surface S, the external part is made trom another material and 
extends in all dimensions to infinity. Assumed are general 
initial conditions and continuous variation both of the temperature 
and ot the flux at the surface separating the two media. 

Author also indicates the possibility of applying the method to 
problems of heat conduction in multilayered and multiconnected 


] 


three-dimensional solids. The considerations are analogous to 


those used in a previous article about two-dimensional cases |see 
preceding review |. V. Vodiéka, Czechoslovokia 

3386. Liebmann, G., The solution of transient heat flow and 
heat transfer problems by relaxation, Brit. J. appl. Phys. 6, 4, 
129-135, Apr. 1955. 

A new finite-difference approximation is presented for the 
solution of the parabolic partial-differential equation of transient 
heat conduction. By choosing two coordinates as space and time 
variables, the difference equation can be put into a form analogous 
to the approximation for steady two-dimensional temperature 
fields. With this finite-difference scheme the usual relaxation 
technique can be applied directly. 

The relaxation solutions are found to be unusually stable even 
tor relatively large time intervals. It is also shown that 
Richardson’s extrapolation can be applied to improve convergence 
by reducing the truncation error to O( 5t)*. The method is general- 
ized in two space coordinates, and several examples are given 
along with a discussion of the method for heat exchange at ex- 
posed surfaces. 

The reported advantage of the new over the old method ts that 
the inherent stability of the relaxation solutions allows the choice 
of larger time intervals. Unfortunately, the technique ot relaxation 
itself usually involves somewhat more labor than the old method ot 


forward iteration. P. J. Schneider, USA 
















































3387. Sarjant, R. J., and Slack, M. R., Internal temperature 
distribution in the cooling and reheating of steel ingots, |. /ron 
steel Inst. Lond. 177, part 4, 428-444, Aug. 1954. 

[he thermal history of steel ingots from casting to rolling has 
seen investigated by combining a technique developed tor the 
numerical integration of the heat-flow equation in two dimensions 
with experimental work on various casting and reheating practices. 
[rack time and reheating practice are related to the thermal 
etficiency and the temperature saturation necessary tor good roll- 
ing. An expression is derived tor the optimum track time which 
results in the most rapid equalization of surface and center 
reraperature, although the limiting factor in the reheating tor 
rolling may be the attainment ot unitormity of surface temperature. 


From authors’ summary 


3388. Muncey, R. W., Calculation of temperature rise with inter- 
justral. J. appl. Sct. 7, 1, 20-37, Mar. 1956. 


Calculations of the response of a building to the input of heat 


mittent heating, 


have heretofore been based on assumptions which are generally 


invalid. This paper describes the development of a calculation 


a comparison thermal network is found of such 


calculated directly. The technique 


that its response can be 


Illustrated with examples and its extension to electrical analo- 


>. From author’s summary by J. Persh, USA 


3389. Rannie, W. D., Heat transfer in turbulent shear flow, |. 
zero. Sct. 23, 5, 485=—489, May 19506. 


Paper discusses heat transter in turbulent shear tlow along a 


smooth wall trom the point of view of von Karman’s paper on the 
i 


inalogy between fluid friction and heat transfer. Methods of 


extending analysis to higher Prandtl numbers by using a suitable 


velocity profile tor region close to the wall are suggested. Ke- 


sulting analysis gives results in reasonable agreement with data 


tor Prandtl numbers up to about 50. Reviewer found paper clearly 


written. 


j 


Author states that velocity protile proposed by reviewer 1S not 


consistent with heat-transfer measurements at higher Prandtl 


numbers. true of work given in an early paper, but in later 


work |NACA TR 1210] the eddy ditfusivity close to the wall is 


modified to account for effect of kinematic viscosity. Results are 


in agreement with available heat- and mass-transter measurements 


at Prandtl and Schmidt numbers up to 3000. 


ree Deissler, USA 


3390. Lees, L., Laminar heat transfer over blunt-nosed bodies 


aia . ‘ 
259-209, Z t, 


at hypersonic flight speeds, Jet Propulsion 26, 4, 


Apr. 1956. 


Paper treats two limiting cases of laminar heat transfer over 


lunt-nosed bodies at hypersonic tlight speeds: (a) thermodynamic 


equilibrium, in which the chemical reaction rates are ‘‘very fast’’ 


compared with the rates of ditfusion across streamlines; (b) 


liffusion as rate-governing, in which the volume recombination 


, compared with 


rates within the boundary layer are ‘‘very slow’’ 
lttusion rates across streamlines. 

The material is developed by presenting the basic equations for 
heat transter by conduction and diftusion, continuity, conservation 
of momentum, conservation of energy, and equation of state. 

These equations are solved by assuming ‘‘similarity’’ exists and 
then by determining the conditions (if any) under which this 
issumption is justified. 

Paper makes considerable mathematical demands upon the 
reader; although, for the topic treated, this should not be unex- 
pecte 1, 

Author finds that the maximum value of the ratio between heat 
transter by diffusion alone and by heat conduction alone in the 


case of thermodynamic equilibrium is given by (Prandtl no. 
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Schmidt no.) *, and states that more experimental work is neces. 
































































sary before one can accept these results. 3 
W. A. Wolfe, Canad, — 
3391. DeGroff, H. M., On viscous heating, J. aero. Sci. 23, 
395-396 (Readers’ Forum), Apr. 1956. 
Author considers Couette flow of a viscous gas between tw 
parallel planes, one of which is moving and one fixed. The plap, 
are maintained at the same temperature, and viscous dissipati Mn a 
taken into account. The viscosity and thermal conductivity are 7 


o 
.o 
* 


both assumed to be proportional to the absolute temperature, wh)! 
the Prandtl number and the specific heat at constant pressure are 
both assumed to be constant. With these assumptions, the ve. 
locity and temperature distributions are derived, the formal so- 
lutions being similar to those obtained earlier by Illingworth (Ay 
4, Rev. 798] and by Tarapov [Prikl. Mat. Mekh. 19, no. 3, Mar. 
1955]. A detailed numerical analysis of the solution shows tha: 
compared with the case of constant viscosity and thermal con- 
ductivity, the skin friction and heat transfer are increased, the 
heat transfer by a larger amount than the skin friction. Further- 
more, the velocity profile is not a straight line, but ts curved wi: 
a point of inflection and is consequently of an unstable type 

Probably due to a printing error, it is stated as a condition ot 
the validity of the given solution that the fluid must be incom- 
pressible; however, in the paper cited, Illingworth showed ¢} 
solution is valid also for compressible tlow. 


J. T. Seuart, Englar 


3392. Miller, A. P., and Moulton, R. W., Heat transfer to liquid. , 
solid suspensions in turbulent flow in pipes, Trend Fnene. 
Wash, 8, 2, 15-21, Apr. 1956. 

Experiments with water-graphite suspensions (5,85=13.‘ 
and a 4.73 wt % kerosene-graphite suspension in turbulent flow 
inside a one-in, tube provided film heat-transfer coetficient 
Wilson plot method. 

Dittus-Boelter type of correlation proved very satisfactory | 
these data and data from other suspensions. All data were 
represented within 15% by using apparent viscosity of susp¢ 
Nu =0.029 Re 0.8 p,0.4 
average specitic heats by weight, and thermal conductivity ot 
suspending medium, all at bulk temperature. 

Reviewer believes extension of this correlation to pseudo- 
plastic suspensions to be significant. 


A. Sesonske, 


3393. Sibulkin, M., Heat transfer to an incompressible turbulen! 
boundary layer and estimation of heat-transfer coefficients at 
supersonic nozzle throats, J. aero. Sci. 2, 2, 162-172, Feb. 
19506. 

4 calculation method for an approximate solution for heat tran: 
ter to an axisymetric turbulent boundary layer with arbitrary tre¢ 
stream velocity and surface temperature distributicn by means 
the Karman integral method is presented for incompressible, 
constant property flow wherein the boundary-laver velocity prot 
total-temperature profiles, and skin-iriction coefficient are con- 
sidered independent of the pressure distribution. The turbulent 
velocity protiles were assumed to vary in accordance with the 
enth power law and the wall shear stress distribution was assu 
to be in accordance with the Blasius results for turbulent pipe 
flow. A modified form of the Reynolds analogy was used to relat: 


skin friction and heat transfer. Some solutions are indicated for 


special variations of the free-stream velocity and surface temper 
atures. The calculated results present flow and thermal param- 
eters for a particular nozzle. 

These results are similar to those obtained by other investi 
gators, notably D. R. Bartz [AMR 9, Rev. 894 | in a similar papet. 


R. M. Drake, Jr., USA 








7 Reoey 3394. Schneider, P. J., Effect of axial fluid conduction on heat 


onsfer in the entrance regions of parallel plates and tubes, 1956 






anada ter and Flutd Mechanics Institute, Stanford, Cal., 
‘ 7 a 
od Pp- 
1. 23, 4 xrison between solutions omitting and including axial 
tion is presented for uniform velocity flow and several 
nn on ‘ ndary conditions. M. Tribus, USA 
1 
ne p 


3395. Sleicher, C. A., Jr., and Tribus, M., Heat transfer in a 
ity are cine with turbulent flow and arbitrary wall-temperature distribution, 
“—% : Transfer and Fluid Mechanics Institute, Stanford, Cal., 
waEE ate ‘ 5, 20 pp. 
= or 1 summary of Sleicher’s Ph.D. dissertation (Ch. FE. 
Al Soe 


of Michigan, 1955). Calculation of heat transfer in 


rth {Ay j 


eddy diffusivity concept is reviewed, including so- 


haces itrary wall-temperature or heat-flux cases from the 
WS that orm wall-temperature solution. 
anal ial diffusivity equation was integrated on an electronic 
iy the iter (type unstated) with a function generator te apply 
er locity distribution and eddy diftusivity distribution. 
“es elocity distributions agree sufficiently well among 
Kddy diftusivity was computed from the velocity 
aes »y von Karman’s relation, using Jenkins’ theoretical 
ae he heat and momentum diffusivities, multiplied by the 
} that icher’s empirical 4% tor air to Jenkins’ theoretical % 
ots are given tor Reynolds numbers of 6000 to 700,000 
“a numbers of 0 to 7.5 of the constants needed in series 
Ihe specific relations tor linear wall temperature are 
O ligu d- " 
re’ results agreed within 2% with the known parabolic 
»w cases. Kecommended relations tor Prandtl no. 
t ng tubes are: 
flow 
wall temperature: Nu =4.8 - 0.0150 P. 0.91 p, 0.30 
vall heat tlux: Nu =6.3 = 0.0160 Pe °°?! Pr®-3° 
ye C.. F. Bonilla, USA 
3396. Yuan, S. W., and Finkelstein, A. B., Heat transfer of a 
aminar pipe flow with coolant injection, 1950 Heat Transfer and 
ia 1anics Institute, Stanford, Cal., Prepr. no. 6, 10 pp. 
tant property fluid flows in laminar motion in a round 
th constant rate of mass addition through the walls. At 
MI, hydrodynamic solution was presented. Present 
siders solution to energy equation. 
reviewer believes that problem solved in this paper and in 
ial me is that of flow in a cylinder, closed at one end, and 
a idmission only from walls. Whether this solution is a 
roximation to the case stated to be of interest in the 
ains unclear. M. Tribus, USA 
tree 3397. Fritzsche, A. F., Heat transfer in liquid metal (in German), 
l [ rscmn, Geo, Ing.-Wes. 22, i. 33-35, 1956. 
er is a briet report on measurements of torced and tree con- 
rot tion in liquid metals done at the Academy ot Sciences in the 
‘on- Rk. Heat transfer with the metals Hg, Sn, Pb, Ki, and Na as 
ent with alloys of Bi-Pb and Na-K has been investigated in 
ae Sev r or turbulent flows ot 0.1 to 20 m/sec within tubes of 
sSume tterent size and cross section. In all cases the measured data 
€ » be represented by the empiric law: Nu =A, +A, Gr™ « Prn, 
relat here \uis Nusselt number, A, and A, constants (A, > 0, A, 0), 
| tor and n also constants or functions slowly varying with Gr 
nper- rashot number) or Pr (Prandtl number). The results agree well 
ums known data of heat transter in air, water, water vapors, oil, 
ther organic liquids. M. Herbeck, Germany 
a per 


3398. Livingood, J. N. B., and Conoughe, P. L., Summary of 
‘ominar-boundary-layer solutions for wedge-type flow over con- 





vection— and transpiration-cooled surfaces, VACA 7\ 3° 
1955. 


88 


: 
33 pp., Dec. 
{4 summary of exact solutions of the laminar-boundary-layer 


equations for wedge-type flow, useful in estimating heat transfer 


to such arbitrarily shaped bodies as turbine blades, is presented. 
The solutions are determined for small Mach numbers and a 


Prandtl number at the wall ot 0.7; ranges ot mainstream pressure 


gradients and rates of coolant flow through a porous wall are con- 


sidered for the following cases: (1) Small temperature changes 


the boundary layer along a constant—and along a variable- 


temperature wall, and (2) large temperature changes in the bound- 


ury layer along a constant-temperature wall. 


Dimensionless forms ot heatetranster and friction parameters an 


boundarv-layer thicknesses are tabulated. The results indicate 
that coolant emission and increased stream-to-wall temperature 
the triction and heat transter tor a wall 


ratios diminished constant 


temperature. For a variable wall temperature with small temper- 
iture ditferences in the boundary layer, the friction was unat- 
tected, but the heat transfer was greatly increased tor increased 


wall-remperature gradient. Heat-transfer results in the literature 
reveal that transpiration cooling ts much more eftective for 
Prandt! numbers of the order of 5.0 than for 0.7. 


From authors’ summary by C.-S. Yih, USA 


3399. Mukhlenov, |. P., and Tumarkina, E. S., Heat transfer in 
USSR 2B, 2, 125-132, Feb. 1! 


Article concerns results ot research into heat exchange 


a foam apparatus, |. appl. Chem. 
bet we 
water and air in direct mixture in a layer of mobile toam created on 
the grating of a foam apparatus, already described |Pozin, M. F., 


farvat.. E.. Ya. 


title source 


Mukhlenov, I. P., Tumarkina, F. S., and 
27, 1, Jan. 1954]. 


The rate at which the processes ot heat and 


’ 


nass transfer occur 


during toam contact between liquid and gas considerably exceeds 


the intensity of mass and heat loss in existing heat-exchange 


i} paratus, 


The general coefficient ot heat transfer, k 


rm (in cal/hr/m*/( 


and the coefticient of mass transfer, P,, (in kg /m*/hr) increase 


with rise in gas velocity across the full cross section ot the toam 
apparatus, due to the increase in thickness and turbulence of toan 
thus obtained. At gas velocities uw between ] and 3.5cm/sec and 
at about 15-mm height for the initial layer of water trom whic! 
toam forms upon admission of air, 

K. =4460 +620 u nen 


A. E. Brun, France 


3400. Mukhlenov, |. P., and Tumarkina, E. S., Heat transfer in 
a foam apparatus, |. «/ pl. Chem. USSR 28, 4, 323-329, Apr. 19 

In the previous article [see preceding review |, the effect of 
-as-flow rate upon heat-transter coefticient K. was 
Here the effect of the thickness of the initial layer of liquid 


An 


in K7-, the relationship being linear, for anh. between 10 and 30 


investipated 


results in an 


oO 


(/ in mm) is examined. increase in / 
Oo 


Increase 


mm, and at various air-flow rates. K,. is directly proportional to 
the thickness of the layer of toam // over the grating, within the // 
interval from 80 to 400 mm. 

The efficiency of a tray of the foam apparatus (7 in %) is defined 


as the ratio of the actual difference in heat content of the air upon 
the entrance and at exit to the difference in heat content of the 

entering air and air saturated with moisture at the average temper- 
ature of the water in the tray 


for an /_ ranging trom 8 to 35 mm, 
oO . . 


approximately n= 59 + hs Also, ” increases directly with foan 
thickness according to the relation n=a°H" +b’, the values of 
a’, b’, and m having been found experimentally for various rates 
of gas flow. 

Authors conclude that a foam apparatus would be most suitable 
to processes involving heat exchange by direct contact of liquid 


and gas. A. E.. Brun, France 








3401. Czarnecki, K. R., and Sinclair, A. R., An investigation of 
the effects of heat transfer on boundary-layer transition on a 
parabolic body of revolution (NACA RM-10) at a Mach number of 
1.61, NACA Rep. 1240, 11 pp., 1955. 

See AMR 8, Revs. 1086 and 1087. 


3402. Durfee, W. H., Heat flow in a fluid with eddying flow, /. 
aero. Sci. 23, 2, 188-189 (Readers’ Forum), Feb. 1956. 


3403. Hartshorn, A. S., and Nicholson, L. F., The aerodynamics 
of the cooling of aircraft reciprocating engines, Aero. Res. Counc. 
Lond. Rep. Mem. 2498, 135 pp., 1956. 


3404. Dropkin, D., and Carmi, A., Natural convection heat 
transfer from a horizontal cylinder rotating in air, 1956 Heat Trans- 
fer and Fluid Mechanics Institute, Stanford, Cal., Prepr. no. 10, 
22 pp. 

The results of the investigation reported in this paper lead to 
the tollowing conclusions: 

1. When a heated cylinder is rotated in air, the heat-transfer 
coefficient may be located in one of three distinct regions: (a) in 
a region where its value does not change with speed of rotation; 
(b) in a region where its value increases with the speed ot 
rotation and is influenced by both speed and free convection; 

(c) and a region where its value is proportional only to the speed 
of rotation, 

2. Within the limits of temperatures used in the tests and for 
Reynolds numbers larger than 15,000, the heat-transter coet- 


ticients may be computed trom 
Nu =0.07 3(Re)®*? 


3. The entire region in which the heat-transfer coefticient is 


intluenced by rotation may be expressed by equation 
Nu =0.095(0.5 Re? + Gr)9*35 


From authors’ summary 


3405. Kapadnis, D. G., The effect of fluid motion on heat 
transmission. Part Il, Solids of different shapes and sizes, 
Indian J. Phys. 29, 6, 290-308, June 1955. 

A detailed experimental study ot the effect of a unidirectional 
stream of air on the rate of heat dissipation from solids of differ- 
ent shapes and sizes by forced convection has been made in a 
limited range of Reynolds numbers trom 10? to 10°. The experi- 
mentally derived values of the constants B and n in the Nusselt 


equation (employed for air) 
(1/A AO0XdO/dT)(D/RK) = BOVD/E)* 


are, respectively, 0.505 and 0.516 for horizontal cylinders with 
ellipsoidal nosepiece, 0.033 and 0.783 for the same with plane 
blunt nose-piece; 0.78 and 0.517 for spheres; 0.12 and 0.654 for 
rectangular parallelopipeds placed in face-on position; and 0.24 
and 0.576 for the same placed in edge-on position. Finally, the 
experimental data are compared with those of other investigators. 
From author’s summary 


3406. Bowden, D. T., Effect of pneumatic de-icers and ice 
formations on aerodynamic characteristics of an airfoil, NACA TN 
3564, 59 pp., Feb. 1950. 

Measurements of lift, drag, and pitching moment of an NACA 
0011 airfoil were made in icing using two types of pneumatic de- 
icers, one having spanwise inflatable tubes and the other having 
chordwise tubes. Ice remaining after inflation of the spanwise- 
tube de-icer increased airfoil section drag 7 to 37% for 0° to 4.6° 
angle ot attack over the ranges of air speed, total air temperature, 
liquid-water content, and cycle times covered. This drag increase 
became constant atter a few de-icing cycles. Drag increases due 


to ice remaining on the chordwise-tube de-icer were similar to 
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those for the spanwise-tube de-icer. Minimum airfoil drag in icing 
(averaged over a de-icing cycle) was usually obtained with 4 
short (about 1 min) de-icing cycle. 

Alternate tube inflation was normally used, whereby every ot), 
tube was inflated and deflated, followed by inflation and de- 
flation of the remaining tubes. In dry air, alternate inflation of 
spanwise boot increased airfoil drag (averaged over a l-min cycle 
by 10 to 16%. Simultaneous tube inflation reduced the 10% jn. 
crease to 3.2%. Inflating the chordwise boot had a negligible 
effect on average airfoil drag. 

With the de-icer inoperative, rime-ice formations of 0.5 pound 
per foot span increased airfoil section drag 38 to 67% and de- 
creased lift up to 4% for 0° to 4.6° angle of attack. The same 
amount of ridge-type glaze ice increased drag 124 to 230% and 
decreased lift up to 20% for 0° to 9,3° angle of attack. To help 
determine the effect of size and location of ridge-type ice for- . 
mations on drag, spanwise spoilers were mounted on the bare air. 
foil at various chordwise positions. From these data, the drag jp. 
crease was found to vary almost directly with spoiler height and 
the local air velocity over the bare airtoil. 

From author’s summan 


3407. Linahan, T. C., The dynamic response of industrial 
thermometers in wells, Trans. ASME 78, 4, 759-763, May 1950. 

Paper extends previous work on step- and frequency-response 
curves of sheathed thermometers. McAdams heat-transfer 
formulas give good agreement with experiment for tlow normal 
to thermometer axis; for random flow, film resistance can be 
determined by measuring a first-order time constant and dividing § 
by computed heat capacity. N. Ream, England 


3408. Paynter, H. M., and Takahashi, Y., A new method of 
evaluating dynamic response of counterflow and parallel-flow 
heat exchangers, Trans. ASME 78, 4, 749-758, May 1956. 

Response of heat exchanger with constant heat-transfer coet- 
ficients and no axial heat flow involves seven dimensionless 
parameters. Laplace transtorms are obtained for parallel- and 
counterflow; the exact transform is approximated by a standard 
form by a method due to Paynter but not yet published (it is 
related to characteristic-function method of statistics). This 
gives quantitative comparison of responses. Several special 
cases are compared with experiment. Method should be valuable 
in studying other chemical plant dynamics. 

N. Ream, England 


3409. Galbiati, A., Charts for rapid calculations of shell! and 
tube heat exchanger, (in Italian), Termotecnica 10, 1, 7-14, Jan. 
19506. 


3410. Kopal, Z., Physics of the sun, Brit. J. appl. Phys. 7, 4, 
119-128, Apr. 1956. 

The first part of this highly intormative paper reviews funda- 
mental observed data on the physics of the sun. “he second part 
outlines the equilibrium model of the solar interior, showing that 
the forces are primarily gravitational and that most of its interior 
is probably in radiative equilibrium. The third part reviews the 
principal nuclear reactions capable of transforming hydrogen into 
helium under conditions prevailing in the solar interior. The 
concluding section reviews the physics and chemistry of the sola 
visible surface and of its atmosphere, and also describes the 
solar corona. A. Whillier, South Africa 


3411. Trombe, F., and Foéx, M., On refrigeration using solar 
energy as a heat source (in French), C. R. Acad. Sci. Paris 242, 
8, 1000-1003, Feb. 1956. 

A modified ammonia absorption refrigerator for producing ice !S 
described. System might be of interest in hot dry climates where 
there is daily sunshine. Tests carried out at the Mt. Louis Solar 
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Laboratory indicate that 1 kg of ice could be produced per kWh 
incident solar energy using a cylindrical-paraboloidal reflector 
. collect solar energy at 90C, provided that the condenser could 
ne kept below 25C. 

Reviewer believes that since a 25C condenser temperature 
cannot be attained tn hot climates without use of cooling water 
hich is usually scarce), in practice a collector temperature 
-onsiderably higher than 90C would be needed, and the specific 
we ot ice might decrease significantly. System does show 
ymise, however, and seems to be better than classical ab- 


sorption refrigeration systems. A. Whillier, South Africa 


3412. Dunkle, R. V., and Bevans, J. T., An approximate 
analysis of the solar reflectance and transmittance of a snow 
cover, |. Meteor. 13, 2, 212-216, Apr. 1956. 

The transmittance and reflectance of a snow cover has been 
analyzed by use of the model of a diffusing medium introduced by 
Schuster. The general case of a slab of finite thickness, irradi- 
sed from both sides, is solved and reduced to the case of a 
semi-infinite slab irradiated from one direction, as an approxi- 
sation of the radiative component of energy flow in a deep snow 
cover. The transmission factor of interest for heat transfer within 
che mediumis shown to be different from that obtained experi- 
nentally. From authors’ summary 

3413. Suomi, V. E., Franssila, M., and Islitzer, N. F., An 
improved net-radiation instrument, J. Meteor. 11, 4, 276-282, Aug. 
1954. 

4n improved net-radiation instrument for measuring the net flux 
t radiant energy through a surface parallel to the earth’s surface, 
which employs the principle ot exposing a ventilated radiation- 
absorbing element to the radiation sources, is described. The 
portance of providing similar ventilation on both sides of the 
ibsorbing plate is pointed out, and the control features to insure 
this uniformity are described. A method of reducing the error due 
co the variation of the absorptivity of the blackened surface with 
wave length is discussed. The performance of the instrument and 
the possible errors are described. 

It was found that the instrument is capable of giving net-radi- 
ation measurements accurate to within 2%. 

From authors’ summary 


3414. Owen, P. R., and Ormerod, A. O., Evaporation from the 
surface of a body in an airstream (with particular reference to the 
chemical method of indicating boundary-layer transition), Aero. 
kes. Counc. Lond, Rep. Mem. 2875, 42 pp., 1954. 

The problem of predicting the rate of transport of a gas from or 
into the surface of a two-dimensional body in an airstream is 
liscussed. The principal object of the investigation is to provide 
ameans of estimating the time required to obtain an experimental 


record of boundary-layer transition when a chemical technique is 
q 


used. The methods evolved should, however, find an application 
to other forced diffusion phenomena. 

The general approach is based on the analogy between mass 
transfer, heat transfer, and skin friction, and che analysis is 
applied to both a laminar and a turbulent boundary layer on the 
Surtace of the body; it also includes the problem of diffusion 
commencing in an established boundary layer. For this problem, 
an approximate, alternative solution to that of O. G. Sutton, for 
a turbulent boundary layer, is given. 

Particular attention is paid to a descriptionof the boundary 
condition at the surface of the body, and it is concluded that, for 
evaporation, the usual assumption that the air is saturated with 
the ditfusing substance is, in general, satisfactory. 

The influence of molecular diffusion on the transfer of a gas 
through a turbulent boundary layer is considered; it is demons 
strated that the effects of molecular diffusion in the laminar sub- 


‘ayer may be important. A simple, approximate method of estimat- 









ing the molecular diffusion coefficient for a pair of gases is 
derived. 

A description is given of a wind-tunnel experiment in which 
measurements were made of the rates of sublimation of some 
chemicals from a small part of a flat plate with a turbulent 
boundary layer; they were found to agree fairly well with the 
corresponding theoretical estimates. 

Finally, as an example of the application of the methods, a 
calculation of the effect of altitude on the rate of sublimation of 
a chemical from the surface of an aircraft is made; this agrees 
with flight tests, which had established that the rate of sub- 
limation decreases very rapidly with increase of altitude. 

From authors’ summary 


Combustion 
(See also Revs. 3257, 3348) 


3415. Giddings, J. C., and Hirschfelder, J. O., Flame prop- 
erties and the kinetics of chain-branching reactions, Univ. Wisc. 
Nav. Res. Lab, (8) SQUID-5, 31 pp., May 1956. 

Authors present calculations of flame velocity and temperature 
concentration profiles for flames maintained by a simple chain- 
branching reaction with second-order termination. The differentia] 
continuity equations are solved by Klein’s integral equation method 
[Univ. Wisc. Nav. Res. Lab. (8) SQUID 1 and 2, Feb. 1955] assum- 
ing as first approximation the Bodenstein stationary state for the 
radical concentration. The chemical kinetic constants used ap- 
proximate possible reaction steps in H,/0, reaction: E (branching) 
= 10 kcal/mole, E (termination) = 0, equal pre-exponential factors. 
The results show that the stationary state is a good approximation 
and that the over-all reaction is equivalent to a simple second- 
order one with F = 20 kcal/mole. The value of 58.3 cm/sec given 
for the flame velocity at a flame temperature of 3000K appears to 
reviewer to be about a power of ten less than that expected for the 
parameters given in the text. 

Authors present a criterion for the applicability of the stationary- 
state hypothesis in flames based on the relative reaction times of 
the radical and of the over-all reaction. They discuss semiempiri- 
cal theories based on radical diffusion from flame products in 
chemical equilibrium and conclude that in none of the cases 
studied by them, including those where the stationary state does 
not apply, do the results support such theories. Reviewer be- 
lieves this and previous reports in this series to be an important 
contribution to the understanding of flame propagation and reaction 
kinetics. They show the problems of flames propagated by chain 
reactions to be similar qualitatively to those of the well-under 
stood single reaction case. However, much remains to be done 
before these methods are applicable to quantitative technical prob- 
lems in combustion engineering. G. K. Adams, England 

3416. Sanger-Bredt, |., Investigation into the initial steps of 
combustion processes (in German) Astronaut. Acta 1, 1, 1-31, 
1955. 

Historical development of our knowledge of molecular reactions 
is traced through the law of mass action and the study of chemical 
equilibria. This route is contrasted with investigations of nuclear 
reactions which began as the study of individual collisions. Tech- 
niques, which have been used to study reactions in flames, in 
particular spectroscopic techniques, are reviewed and their limi- 
tations discussed. Finally, a crossed molecular beam method to 
study single steps in combustion reactions is shown to be feasible 
if a source of free radicals at a pressure of 10-* mm is available. 

From author’s summary by PD. M. Simon, USA 













































3417. Michner, M., and Gross, 8. A., Effect of radioactivity and 


corona discharge on flame stabilization, J. aero, Sci. 23, 6, 607- 


18 (Readers’ Forum), June 1956, 


3418. Royers, 0. £., and Marble, F. E., A mechanism for high- 
frequency oscillation in ramjet combustors and afterburners, | ct 
Propulston 26, 6, 456-462, June 1956, 

Paper deals with the phenomenon of screeching combustion in- 


stability in ramjets and afterburners characterized by its relatively 


high 


and extremely regular frequency and by the fact that the sus- 


taining mechanism is not associated with periodic fluctuations in 


fuel-injection or air-flow rates. Experimental investigation ts 


made of the behavior of a small two-dimensional combustion cham- 


er, burning a unitorm nuxture of air and tuel vapor under con 


h-frequency oscillations. Measurements are made of the 


limits of stable screech, the amplitude and frequency of pressure 
»scillations over a wide range of mixture ratio, inlet air tempera- 
ire, and combustor flow rate. 


’ 


Spark schlieren photographs and 
high-speed motion pictures taken of the combustion process 
showed, in agreement with other investigations, that the high- 


frequency oscillation is accompanied by vortexes shed periodically 


from the flameholder lip with the same frequency as the oscillation. 


Mechanism of excitation of these oscillations ts suggested. 


From authors’ summary by |} I iffitte, France 


3419, Emmons, Fl. 'W., The film combustion of liquid fuel, 
IMM 36, 1/2, GU=71, Feb. 


The of combustion C. 


Jan. 1956. 


rate of a larger fue] 


froplert of liquid 


at . 
10 in.) is mainly governed by the rate of heat and mass 


transe- 


fer in boundary layer. In the equations expressing momentum, 


energy, and mass within this layer an energy variable 6 = (en- 
thalpy) + (potential chemi a linear func- 
Prandtl 


may thus be 


il heat release) becomes 


tion of the velocity u along the surface, if an assumption 


number) = (Schmidt number) - l may be admitte a. 


worked out density) x (viscosity) = const. If heat ratio 


assuming { 


! 
is defined as B = (thermal energy of unit mass of main stream) 


, } , } ’ ; 
thermal enerey at surface to hut unit om iss ) into fhe round 


iry layer), ©, may be expressed as C, =B x oefficient)/ 
0 


approximate numerical solutions 


1 


2. Exact and gave excellent 


agreement with recent experimental! data and with empirical for- 


The maximum value of ( 


i 


number) 2 i. 


mula. , exists at B = oo, where | . 
(Reyne lds 2 380. 


Reviewer thinks that some drastic assumptions should be in- 
evitably introduced for carrying out such an exact mathematical- 
physical analysis. As this, certainly, is one of the necessary 
courses of advance in the field of investigations on combustion, 


this paper may be regarded as a good Paper contains 


a small number of misprints [Eqs. (19) (55)], although 


guide post. 
they have 


no influence of its real value. I. Sawai, Japan 


3420. Miesse, C, C., The combustion of atomized liquid pro- 
pellants, Amer. Chem. Soc. Prepr., 129th Ann. Meet., Dallas, Tex., 
Apr. 1956, 29 pp. + 


Che applicable theoretical and experimental papers on atomiza- 


16 figs. 


tion, evaporation, and combustion of liquid propellants are sum- 
marized and applied to the problem of the combustion of atomized 
liquid propellants. The available reports on ignition delay, per- 
formance, and stability limits for liquid-propellant combustors are 
then reviewed, and the data correlated in accordance with the ex- 
The 


results of the survey indicate that more rapid ignition, higher per- 


perimental data and theoretical concepts summarized above. 


formance, and lower stability limits are achieved by fine atomiza- 
tion, and that the effects of unstable combustion and erosive burn- 
out of combustion chamber walls are minimized by coarser atomiza- 
tion. Several atomization criteria for optimum performance are 


proposed as a Consequence of this investigation, 


1itions 
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Conclusions: The established correlations and laws of ato, 
tion and evaporation are directly applicable to the variou 
bustion problems of ignition delay, performance, stability limi: 
and design. Experimental and theoretical information obtained 
trom a study of the single droplet are of great value in undersea, 
ing the behavior of sprays, and the combustion of sprays in pep 
Ignition delay, performance, and stability limits can all be cop. 
sidered with respect to the quantity of vapor available for com} 

tion, and can, therefore, be explained in terms of the initial ato, 
ization and subsequent evaporation of the liquid propellants, Ts 
limited quantity of precise knowledge in this important field 

serve to stimulate an extended investigation of the phenomena 


involved. K. J. DeJuhasz, Ger; 


3421. Shapiro, A. H., and Erickson, A. J., On the changing six 
spectrum of particle clouds undergoing evaporation, combustion, » 
acceleration, 1956 Heat Transfer and Fluid Mechanics Institute, 
Stanford, Cal., Prepr. no. 8, 30 pp. 

Many industrial processes require that a cloud of solid particle 


or liquid droplets interact with the gaseous (or, sometimes 


phase in which they are dispersed. In certain of these process: 
there is a spectrum of particle sizes, and moreover, the part 


change in size by reason of interaction. Examples include 


} 


evaporation ot a cloud of liquid droplets; (b) growth of a | 
cloud by condensation; (c) combustion of either solid fue] 
or liquid fuel droplets. Normally the rate of growth (in an algebr 


sense) of each particle will depend, among other things, 


liameter of the particle itself. Under such conditions the 
the particle spectrum will change as time proceeds, and th 
urally introduces difficulty into the analysis of the proble: 
when there is no change in particle size, the spectral distr 
of sizes may change; e.g., if the cloud is accelerated, differ 
sizes of particles will accelerate at different rates, and the 
ences in particle speeds will alter the relative concentrati 
unit volume of the several particle sizes. 

4 theoretical treatment is given showing how the size distr 
tion of a cloud of particles changes as a result of evaporati 
combustion, or acceleration. The general differential equat 
governing the concentration of particles as a function of si: 
tion, and time ts formulated for one-dimensional duct-type f] 
Solutions to the differential equation are then obtained for a nun- 
ber of special problems of interest to evaporation and combust 

If the process depends mainly on molecular transfers (1.e., at 
very low Reynolds numbers), the equivalent mean diameter for 
evaporation or combustion of drops is found to be approximat 
constant with time. This suggests that the conventional model 
a constant number of uniform drops of varying size be replace 
a new model having a varying number of uniform drops of consta 
size. The new model predicts a lower rate of evaporation or com: 
bustion than the conventional model. 


K. J. DeJuhasz, Germa 


3422. Barrére, M., and Moutet, H., Experimental study of the 
combustion of monergol drops (in French), Rech. aero. no. 50, 31 
38, 1956. 

The evolution of monergol drop diameter during combustion !s 
studied. Two types ot monergols have been used: (1) those » 
fuel and oxidizer belong to the same molecule, such as ethy! ni 
trate, propyl nitrate, hydrogen peroxide; and (2) those where tue: 
and oxidizer are mixed liquids, such as organic acetates in nitri 
acid. 

Square of drop diameter varies in each case linearly with time, 
and the slope of this curve is determined as a function of nature 
and temperature of the medium surrounding the drop. This slope 
defines a combustion constant which is characteristic of the 
monergols used and of the test conditions but independent of th« 


drop diameter. This constant varies with the nature and tempera- 
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» of the ambient medium; it increases in air for fuel-poor mix- The relation between the flexural waves in a plate and the sound 

es and tinally becomes less reliable if temperature around the radiation, as well as the directional distribution of the radiation, 

» reaches over 1000C. R. Delbourgo, France have been studied both theoretically and experimentally. The 
radiation is characterized by the ‘‘radiation coefficient’’ s. Above 

y23. Kuhlmann, A., A new nozzle construction for burning heat- the critical frequency of the plates this coefficient is about one. 

g oil and powdered coal (in German), ZVD/ 98, 15, 837-839, 1956. Below the critical frequency, s decreases with decreasing fre- 

s new nozzle design has been developed, characterized by com- quency; however, in the case of vibrations forced by airborne 

aac ete, smokeless Combustion at low air consumption. The essential sound less than for ‘‘free’’ flexural waves. The slope of de- 

"Bement is a mixing distributor for the combustion air which divides crease depends on the dimensions and the damping of the plates. 


sain. feed aif into numerous separate streams and directs these By means of the radiation coefficient s, which is roughly known, 
fie] 5s p ainst the fuel stream in such a manner that thorough mixing with one can estimate the sound energy radiated of the plate, after hav- 
ia iranis ; he fuel spray takes place in the burner itself. It is suitable for ing measured the amplitude of the flexural vibrations. With that it 
2 ,s, heating fuel oil, and for powdered coal. A combination of is possible to determine directly the flanking transmission in 
ie ls can be used; e.g., by using fuel oil and a conibustion air building acoustics. From author’s summary 
riched by powdered coal. K. J. DeJuhasz, Germany 
NGing six 3429. Andreev, N. N., On second-order quantities in acoustics 
DUS tion, or 3424. Strong, H. M., and Bundy, F. P., Measurement of tempera- (jn Russian), Akust. Zh. 1, 1, 3-11, 1955 (Translated from Russian 
Sttute, es in flames of complex structure py resonance line radiation; by M. D. Friedman, 572 California St., Newtonville 60, Mass.) 
| General theory and application to sodium line reversal methods; Questions of the density and flow of audio energy, and of the 
Particle |, Sodium line reversal by high-resolution spectroscopy; II]. From = momentum and pressure of audio radiation, are considered in this 
— bsolute intensity measurements at high resolution, J. appl. Phys. work. The methods of first- and second-order successive approxi- 
CSs¢ D5, 12, 1521-1537, Dec. 1954. mations are the basis of the reasoning, where the necessity of 


3425. Glinkov, M. A., and Zen’kovskil, A. G., Investigation of clearly differentiating the Lagrange and Euler points of view are 
. ’ . °7 ’ ° *@ 


he external heat exchange in furnaces by means of experiments taken into account. 


Hin Russian), Izv. Akad. Nauk SSSR Otd. tek. Nauk no. 11, 108- An explanation is given of the fact that the usual viewpoint on 
123, Nov. 1954. the density and flow of audio energy and the viewpoint explained 
in the present work are opposite. It is shown that the total solu- 
tion of the problem depends on taking the boundary conditions into 
account. The particular example explained at the end illustrates 
the statements made in this work. 


+ 
Acoustics From author’s summary 


(See also Revs. 3183, 3299, 3346) 
3430. Lippert, W. K. R., Wave transmission around bends of 


Book——3426. Fischer, F. A., Fundamentals of electroacoustics different angles in rectangular ducts, Acustica 5, 5, 274-278, 1955. 


Translated by S. Ehrlich and F. Pordes), New York, Interscience : 
Publishers, Inc., 1955, xii + 186 pp. $6 of various angles in rectangular tubes have been measured for 


The characteristic reflection and transmission factors of bends 


Book is the outgrowth of lectures given by the author, who has plane waves by using the technique of the nonreflecting output 


uirected electroacoustical laboratories in industry and government duct. The frequency characteristics for angles greater than 90 


give complex curves which show a systematic change with in- 


service, to his younger colleagues (physicists and electronic engi- 3 
creasing angle. Altering the shape of a bend had a great effect on 


neers) to enable them to work in electroacoustics more or less in- oo ee ; 
the values of the characteristic factors; this is shown experi- 


iependently as socn as possible. The presupposed knowledge is ; / 
mentally with a rounded right-angled bend. The propagation of 


ai reduced to a minimum: simple rules of differential and integral 


ea ; a plane waves around the various bends is completely specified by 
calculus, fundamental laws of the general theory of oscillations B F 


ye : : the measured magnitude and phase values of the characteristic 
ind alternating currents and acoustics. The textbook is focused 


1 . . . . f t . "| vi ) ¢ SI i ics sion- 
n electroacoustic transducers, especially their theoretical founda- “*°'FS These provide a set of basic characteristics for design 


tions and technical applications; experimental methods are only ing acoustical filters. From author's summary 
touched upon. 
: The first chapter introduces the laws of the electric and me- 3431. Zwicker, E., and Feldtkeller, R., Loudness of uniform 
chanical oscillators with regard to their reciprocity and duality noises (in German), Acustica 5, 6, 303-316, 1955. 
whereby the theory is restricted to linear problems. The following With the aid of equal loudness contours (loudness in sones as 
chapters contain: Forces exerted on matter by electric and magnetic parameter), of the measured width of the frequency groups and re- 
fields, electroacoustic energy conversion principles, differential duction of loudness in neighboring frequency groups, the level of 
equations, impedance, efficiency and sensitivity of transducers; sustained noises with given spectra can be calculated. The aural 
” furthermore, radiation of sound, broad-band transducers and elec- analysis of a sound into bands of definite size (frequency groups), 
tromechanical coupling. The last chapter closes with a short already demonstrated in respect to hearing threshold, masking and 
gualitative report on conversion in electric resistances (hot-wire phase detection, appears meaningful in the investigation of noise 
” and contact microphone). levels. Loudness is estimated from the sound intensity in the fre- 


Reviewer recommends the book as an introductory work, since it quency groups, acting separately at low intensities but with con- 
‘s very clearly written and the boundaries of the approximations siderable throttling of one group by neighboring ones at high 
usec for practical reasons are always well exposed. intensities. From authors’ summary 
M. Herbeck, Germany 
3432. Lyon, R. H., Propagation of correlation functions in con- 
3427. Klein, B., Fundamental frequencies of arbitrarily shaped tinuous media, J. acoust. Soc. Amer. 28, 1, 76-79, Jan. 1956. 
Simply- supported triangular plates, J. roy. aero. Soc. 60, 541, The correlation properties of noise fields when considered as a 
3-64 (Technical Notes), Jan. 1956. random superposition of elementary sources are derived as an ex- 
tension of Rice’s work on the shot effect [S. O. Rice, Bell Syst. 
3428. Westphal, W., Flexural waves in a plate and sound radia- tech. J. 23, p. 282, 1944; 24, p. 46, 1945]. Next, a formalism is 
tion (in German), Akust. Beihefte no. 2, 603-610, 1954. derived which calculates the correlation properties of the response 






45] 





of a continuous linear system when subject to an applied noise 
field. 


pulse response of the system and the correlation function of the 


[he requirements for solution are a knowledge of the im- 
source. The latter may be obtained experimentally or from 
calculation. From author’s summary 

3433. Robey, D. H., On the contribution of a contained viscous 
liquid to the acoustic impedance of a radially vikrating tube, /. 
Amer. 27, 1, 22-25, Jan. 1955. 


The impedance presented to the inside surtace of a hollow, 


acoust. Soc. 


liquid filled, radial cylinder of finite length has been determined 
theoretically. It was assumed that the liquid was retained by 
pressure-release caps or one pressure-release cap and one rigid 
cap at each end. For a loss-free liquid it is shown that the re- 
actance presented to the cylinder wall becomes infinite whenever 
the liquid has a longitudinal or coupled radial resonance. 

A sizeable resistance may appear when a viscous liquid is used. 
This is because the geometry of the arrangement is ideal for 
creating large shear losses. Exceptions to this occur for high fre- 
quencies where the wave length is small in comparison to the 
cylinder length. From author’s summary 

3434. Helberg, H. W., Velocity of sound in narrow rigid tubes 
(in German), Acustica 5, 5, 267-268, 1955. 

This note gives graphs showing the attenuation constant and 
wave velocity for a fluid in which viscosity plays the controlling 
part. Heat conduction is neglected. The problems considered are 
two parallel planes a distance a apart and a circular tube of 
diameter d. These lengths are assumed to be small compared with 
the wave length of the sound. 

Only a short summary of the results is given, but the graphs may 
be of use to workers in this field. 

J. M. Jackson, Scotland 

3435. Venkatasubramanian, V. S., Sound velocity in a Lennard- 
Jones liquid model, J. Indian Inst. Sci. (A) 37, 4, 227-231, Oct. 
1955. 

Making use of the partition function derived by Lennard-Jones 
for a plausible model of a liquid, an expression for sound velocity 
is derived. This is applied to discuss some features regarding the 
dependence of velocity on chemical constitution and to calculate 
the ultrasonic velocities in liquid gases for which the requisite 
There is fair agreement with experimental 


data are available. 


values. From author’s summary 


3436. Busby, J., and Richardson, E. G., The propagation of ul- 


trasonics in suspensions of particles in a liquid, Proc. phys. Soc. 


Lond (3) 69, 434, 193-202, Feb. 1956. 
The propagation of sound in suspensions of solid particles in 


water in the range of frequency 1 to 10 Mc/s and of particle radius 


% to 100 microns 1s measured. For the ultrasonic attenuation, a 


pulse method is used, and the suspension is either monodisperse 


(glass spheres) or polydisperse (silica particles). In the latter 


suspension, the particle-size distribution 1s measured optically. 


Results are compared with a theory due to Sewell and others and 


good agreement is obtained. The ultrasonic absorption is linear 


with concentration up to 18% by volume. Some measurements were 


also made on ‘‘sediments’’ of glass spheres and natural sands in 


which the attenuation 1s high and increases rapidly with frequency 
and particle size. From authors’ summary 


3437. Junger, M. C., Sound propagation in a fluid-filled tube 


oust. Soc. Amer. 28, 2, 165-167, 


with massive wall reactance, |. «a 
Mar. 


The results of an experimental study of a relatively unfamiliar 


’ 
LOSO,. 


presented: the zero-order mode in a tube 


mode of propagation are {| 


with massive wall reactance. The observed and theoretical dis- 


persion curves, which show good agreement, display a high-pass 





cut-off frequency. There is a dead zone between this freqye 











and the ring resonant frequency of the tube. 















































The phase velocities c, are measured indirectly from the 4). p14. 
rectivity patterns of a receiver in the form of a long rubber joc, pons det 
coupled to a microphone; these patterns are characterized by », pitituae OF 
symmetrical lobes whose angular separation is 2 cos ¢/¢, kalcusatl 


being the sound velocity. From author’s summa, puratl 


3438. Lawley, L. E., and Reed, R. D. C., A reverberation 
method for the measurement of the absorption of ultrasonics in 
liquids, Acustica 5, 6, 316-322, 1955. ute | 

The ultrasonic reverberation of a liquid contained in a spherj-, 
vessel of about 0.5-litre volume has been investigated exper ad 
tally over the frequency range 200 kcps to 2 Mcps. The time 
stant of acoustic exponential decay was measured by a nu!| 
method in which it was balanced against an exponential wave {»- 
The en 
nism of energy loss in the vessel was investigated and this | 


of known time constant generated in an RC network. 


was allowed for by calibration of the vessel, using a liquid 
known absorption. The absorption was determined in a number 
organic liquids and evidence of relaxation effects was observed 
methyl benzoate, toluene, and acetaldehyde. 


From authors’ 


3439. Mawardi, O. K., On thermoacoustic transduction in a 
potential flow, J. acoust. Soc. Amer. 28, 2, 239-245, Mar. 

Interaction between acoustic field and thermal field is ana 
for case of a sound wave propagating down a channel in « 
heat convection occurs in a potential flow. Analysis restr: 
inviscid fluids shows that magnitude of sound wave is reinf 
as it propagates through the thermal field. Extent of thi: 
ment is given in the form of an amplification factor whic! 
on the parameter of the flow and on the frequency of the s 
wave. From author’s summary by S. Ostrac} 

3440. Springer, A. M., An apparatus for the temporal lengthening 
and pick-up of tape records (in German), Acustica 5, 5, 279-)* 
1955. 

3444, | 


capillary 


Ballistics, Detonics (Explosions) 
(See also Rev. 3251) 


3441. Petersen, N. V., Lifetimes of satellites in near-circula 
and elliptic orbits, Jet Propulsion 26, 5 (part 1), 341-351, 

May 1956. 

Paper estimates the lifetime for a simple satellite confi: 
from an arbitrary initial near-circular or elliptic constraint at 
launch to decay to the surface of the earth. There is a 
of the structure of the atmosphere and free-molecule flow dra ’ 
The nonlinear differential equations of motion for rear-circula’ 
constraint are shown, but not solved. The equations are linear 
by assuming that the path velocity does not vary apprectal 
small increment of altitude above the earth’s center, and ¢ 
able altitude above the earth’s center is a constant for sn 
crements of time. A solution for the linear case is present 
Time increments for arbitrary altitude losses are approximat 
total lifetime is obtained by summation of these increment 

Using a constant drag coefficient, a plot is given for cir 


Similar result 
A. Trabant, 


orbits of satellite lifetime versus altitude. 


sented for elliptic orbits. E. 


3442. Perkins, F. M., Flight mechanics of ascending satelli®© 
vehicles, Jet Propulsion 26, 5 (parti), 352-358, May 1% 
Some phases of optimization of low-altitude continuous-thru 


trajectories and high-altitude interrupted-thrust trajectorie 








se is made of results and discussion from AMR 8, Rev. 





; of departure and arrival of interplanetary travel are 


° re 





iered with minimum energy requirements to achieve low- 





lsat 
Je OFt26 


{ention is made of analog computer trajectory 
as with a discussion of digital computer trajectory com- 


™ 


ns. [To achieve a maximum vertical distance with a definite 
velocity at power cutoff, it is not required that the 
locity at power cutoff be zero. During the determination 
tion for optimum pitch angle it is assumed that a defi- 
,rizontal component of velocity must be achieved at power 
wit, Methods are presented for determining the unknown angles 
‘he equation of optimum pitch angle for a continuous-thrust 
cent trajectory. A three-stage interrupted-thrust trajectory is 
i as an example in the discussion of the optimization of this 
rajectory. E. A. Trabant, USA 
3443. Reid, W. P., On the motion of a missile under water, Je! 
n 26, 6, 463-464, June 1956. 
ifferential equations of motion of a missile are derived on the 
sis of certain simplifying assumptions initiated originally by 
vith the underwater motion of a missile in mind. Comments 
ide on the significance of these assumptions, and the ana- 
‘lution to the equations is developed. 


From author’s summary 


Soil Mechanics, Seepage 
(See Revs. 3732, 3270, 3453) 


Micromeritics 
(See also Rev. 3436) 


hening 


3444. Miller, E. E., and Miller, R. D., Physical theory for 
capillary flow phenomena, |. appl. Phys. 27, 4, 324-332, Apr. 


er reviews problem of two-phase flow through porous media, 
ial mention of hysteresis effects due to interface be- 
irregular capillaries. Qualitative descriptions are given; 
nental equations derived; and dimensionless variables de- 

ed. Keviewer feels title is somewhat grandiose for an ele- 

tary dimensional treatment. However, paper seems to be free 


| provides a good introduction to capillarity effects in 
R. Hughes, USA 


an 


edia. 


3445. Hall, W. A., An analytical derivation of the Darcy equa- 
imer. geophys. Un. 37, 2, 185-188, Apr. 1956. 


on, Tras 
ie assumptions that: (1) inertia forces resulting from flow 


’ 


ligible; (2) an elemental volume of fluid-porous-body system 
e selected at any point such that it is small with respect to 
ross dimensions of the system, yet large enough to possess 
of matrix surface area; and (3) that liquid films are con- 
tuthor evolves analytically the Darcy equation expressing 
! velocity in terms of the pressure and gravitational gradi- 
tf nonisotropic porous media, results indicate the perme- 
to be a tensor, while for isotropic porous media the perme- 
a scalar whose magnitude varies with time, position, and 
ntent,. S. R. Faris, USA 
%e 3446. Aronofsky, J. S., and Porter, J. D., Unsteady radial flow 
°f gas through porous media—variable viscosity and compressi- 
‘lity, |. appl. Mech. 23, 1, 128-132, Mar. 1956. 


‘ransient flow of gas in disk-shaped porous bodies of uniform 


’ 





é 


», nonideal behavior of the gas is assumed to be char- 
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acterized by linear relations between pressure and viscosity and 
pressure and density. The differential equation describing the 
flow system is reduced to a difterence equation and solved digitally 
by the MIT computer Whirlwind. Computational procedure is es- 
sentially that outlined earlier by senior author [AMR 7, Rev. 202]. 
Results indicate variable viscosity and density produce sub- 
stantial effect on transient flow behavior of gas in porous media. 

Dimensionless plots of pressure versus time succinctly sum- 
marize results of the study. S. R. Faris, USA 

3447. Todd, D. K., Unsteady flow in porous media by means of 
a Hele-Shaw viscous fluid model, Trans. Amer. geophys. Un. 35, 6, 
905-916, Dec. 1954. 

The problem of unsteady flow in porous media was investigated 
for the two-dimensional case by a model analogy consisting es- 
The 


apparatus, known as a Hele-Shaw viscous fluid model, avoided the 


sentially of an oil flowing through a narrow glass channel. 
difficulties of measuring flow in porous media. The model was 
calibrated by steady-flow measurements. Unsteady flows, com- 
posed of sudden releases of o1l into and out of the channel, were 
recorded and analyzed. Results were presented in graphical form 
using dimensionless parameters. Agreement with numerical solu- 
tions of the basic nonlinear differential equation, as applied to gas 
flow through porous media, was obtained. A study of a series of 
solitary sine waves was made as a mode! analogy of the damping 
of a flood hydrograph in a ground-water table adjacent to a stream. 
Results indicated that the damping rate was independent of both 
amplitude and period of the flood wave and that the damping dis- 
tance was a function of the period but not of the amplitude. 


From author’s summary 


3448. Robinson, A., On the motion of small particles in a po- 
pure appl. Math. 9, 1, 69-84, Feb. 1950. 


Author presents a rigorous derivation of the equations of motion 


tential field of flow, Comm. 


of a continuous distribution of small particles in a flowing fluid. 
In particular, formulas are derived for the mass of particles de- 


posited on an obstacle in the flow. It is assumed 


do not interfere with the fluid flow, that the drag force is propor- 


that the particles 


tional to the vector difference between particle velocity and fluid 
velocity, and that this difference is small. The method of theoreti- 
cal attack employed by the author should be of interest to those 
concerned with problems of icing or of silting. 


G. C. Wallick, USA 


3449. Bouvard, M., A theoretical study of suspension regime in 
turbulent flow (in French), Houtlle blanche 10, special B, 627-635, 
sept. 1955: 

Data by Dufour on the performance of a long round-pipe sand 
settler are analyzed. The Schmidt-Rouse equation for rectangular 
ducts gives too high concentrations at the bottom. A theoretical 
analysis equating the upward and downward solid transport at each 
level, employing the Prandt! mixing length L for the length of 
travel of eddies, and using for the upward and (equal) downward 
turbulent velocities those obtained from L and the local shear 
stress, surprisingly yields exactly double the relative (logarithmic) 
concentration gradient ot Schmidt-Rouse, but is still too low. A 
method of numerical integration of the above (integral) equation is 
also given. 

Author suggests agreement of theory and data may improve by 
using a distribution of turbulent velocities, rather than a single 
value, as a function of depth. C. F. Bonilla, USA 

3450. Bascher, P., Air filters for ventilating and air condition- 
ing installations, Su/zer tech. Rev. 37, 2, 1-15, 1955. 

The amount of fine dust present in conditioned air depends 
largely on the method of filtration employed, and on the choice of 
filter design. Equipment and methods used in Sulzer Brothers 
laboratories are described for measuring the quantity of fine dust 


present in the air; the ranges of application of the various types 








are given. Methods and equipment described are: screen analysis, 
konimeter, thermal precipitator, the Tyndalliscope, filtering ap- 
pliances, sedimentation apparatus, dust-collecting plates, con- 
fensation nucleus counters. Types of filters described include 
screen and sieve, viscous-impingement filters, dry filters, bag and 
hose filters, micro- and ultra-filters, electrostatic precipitators, 
air washers, centrifugal separators, acid separators. The test rig 
used for the measurements is described and the efficiency of dust 
collection is shown in curves. 

Of special interest is the very complete spectrum of particle 
sizes of liquid droplets and solid dust elements ranging from 
foundry sand and rain drops to smoke and mist particles, giving 
the type of commercial filters applicable to the different particle 


SIZES. K. J. DeJuhasz, Germany 


Geophysics, Meteorology, Oceanography 
(See also Revs. 3229, 3303, 3330, 3413) 


3451. Murphy, M. J., and Bycroft, G. N., The response of a non- 
linear oscillator to an earthquake, /3u//. seism. Soc. Amer. 46, 1, 


5, Jan. 1956. 


«7 


-( 
Seismographic records are analyzed for their frequency spectra 
by allowing these records to actuate a torsion pendulum of variable 
resonance frequency [M. A. Biot, title source 31, a py 1941). 
ihus the pendulum is used as a computing device. Authors study 
the chanyve in the properties ot this instrument aS a spectr i] 
inalyzer when a nonlinearity is added to its motion, by introducing 
idditional nonlinear restoring force devices. Motive is to see if 
naturally present nonlinearities in torsional analyzers alter the 
form of the spectrum. Since established theory of instrument as- 

| 


imes purely linear properties, nonlinearities might cause false 


pectra. 
[his paper is almost entirely experimental. It is found that non: 
linearities have marked effect on acceleration spectra, little effect 
on velocity spec tra. No attempt 1s m ide at theoretic i] analysis 
cause the nonlinear term makes the differential equation ‘‘in- 
tractable’’ and authors cannot explain the different nature of the 


sult in velocity and acceleration spectra. 


3452. Knopoff, L., The attenuation of compression waves in 
lossy media, Hull. seism. Soc. Amer. 46, 1, 47-56, Jan. 1956, 

Author first evaluates broadening of plane compression pulses 
in viscoelastic media. This result 1s combined with a known prop- 
erty of solutions of plane wave equations to show that accelera- 
tions due to spherical stress impulses fall off as the 5/2 power of 
distance at large distances. Ray optics are used to letermine a 
theoretical directivity curve for an ideal transducer attached to a 
plane slab of viscoelastic material. Experimental verification 
using a wax slab indicates the excellent directional properties of 
oil-coupled lithtum sulfate transducers. Further observations on 
multiple reflections verify that wax does have loss properties that 
can be properly attributed to an internal viscosity. 

lhe transducer properties should be of considerable interest to 
geophysicists and seismologists. The analysis should interest 
inyone concerned with damage to subterranean structures resulting 
from surface blasts. J}. H. Huth, USA 


3453. Matschinski, M., Integral properties of the flow field and 
functional examples in fluid flow: solidification of soil and erosion 
by wind (in French), C. R. Acad. Sct. Paris 242, 13, 1683-1686, 
‘far. 19S( 

Brief note on important application of flow-field theory to ero- 
sion of geological formations by wind and sand explains ade- 


uately the three- and four-edge patterns developed DY exposed 
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surfaces. Theory also explains tendency toward Solidification . » at M.E 

loose structures, but this aspect is probably surmise. ae .. wut 
J. M. DallaValle 1 Bo 

3454. Gamburtsev, G. A., and Berzon, |. S., High-frequency r. oie 0 

seismic prospecting (in Russian), Dokladi Akad. Nauk SSSp \\ ae 

101, 5, 841-844, 1955 (translated from Russian by M. D. Fried, lle 


sma as 


572 California St., Newtonville, Mass., 7 pp.). 


3455. Crane, H. L., and Chilton, R. G., Measurements of atme 3460. 
pheric turbulence over a wide range of wave length for one mete. wvestigat 
orological condition, NACA TN 3702, 18 pp., June 1956, 

A power spectrum of gust vertical velocity over a wide range 17 f) 
wave lengths, 10 to 60,000 ft, has been obtained by a simultane The pre 
set of measurements in flight. Method used, which had advantage vestigate 
of not involving airplane transfer functions, proved practicai 
Data were obtained on film records, and power spectrum was ; 


culated by digital methods. 


From authors’ summary by W. A. Baum, |S: 3461. 
steady lo 
3456. Sakagami, J., On the structure of the atmospheric turby. 195° 
lence near the ground. Il, Ochanomizu Univ., Tokyo, Natur suthor 
Rep. 2, 62-78, Nov. 1951. ye 
3457. Roy, A. K., Rain-making, its present position and future si 
possibilities, Council of scient. & indust. Research, New | f , 
17 pp., 9 figs., 1955. no tg ful 


Lubrication; Bearings; Wear hea tas 
(See also Revs. 3171, 3172, 3252, 3256, 3257 om 


3458. Philipzix, W., On the hydrodynamic theory of lubrication 
(in German), ZAMM 36, 1/2, 51-60, Jan./Feb. 1956. 

The relaxation method of Gouse and Southwell is us: 
approximate solutions to Reynolds equations as applie 
tial journal bearing with end leakage. In addition, the 
sure distribution is examined, and a minimum theorem for 
friction is proposed. 


From author’s summary by T. P. Goodma: 


3459. Farwell, F. T., Grunberg, L., Milne, A. A., and Yright, Proof o' 
K. rl. 8., Applications of some physical methods to lubrication 
research, Proc. 4th World Petroleum Cong.-Sec. VI/C, Prepr 430, ( 
no. 3, 21 PP+» 1955. ine ¢€ 


\ general discussion of past research in contrast to the 


3465. 
and Sta 
in case 


methods in use by the Lubrication Division, Mechanical Kes¢ 
Laboratory, Department of Scientific and Industrial Resear 
Great Britain. 

compre 


T 
ihe 


Results ot electron microscope studies to analyze wear 
ses, scuffing, detergent and used crankcase oils, and pre 
presented. Comparison is made with optical microscopy app. 
taper sections. A ‘‘cross-cylinder’’ machine developed to stu 
scuffing is discussed. Use of radioactive tracers in wear 
considered in light of the health hazards associated with t 
method, Measurement of surface topography by stylus, an 
interference method are mentioned, while micrographs of 
coated with an evaporated film of aluminum are presented. 
running position of a journal in a sleeve bearing and the ré 
oil-tiln thickness are determined by a pneumatic micronete! 
which a jet of air is used as the sensing head; this method 
development of the laboratory. Oxide films, their formation an © tied 


lation to boundary lubrication, are briefly discussed. An appaa™ 





for investigating oxide films is shown diagrammatically and ! 





sults are presented. 
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oaner reviews former research techniques and current methods in 
1 M.E.R.L. The object of the presentation is stated in part 
1s’ conclusion: ‘‘The indirect nature of the modern 


ehe aut! 
mw pne aut 





pe longer provide a conceptual background against which the 
savior of instruments can be judged, means that we must devote 
aiaah is much effort to the study of the characteristics of our 
cuments as to what they may tell us.’’ 


C. J. Vogt, USA 


3460. Sternlicht, B., Experimental verification of theoretical 
vestigations into half-frequency whirl, ASME-ASLE Lubrication 
jianapolis, Ind. Oct. 1955. Pap. 55-LUB-20, 10 pp. 


7 figs. 
blem of halt-frequency whirl of journal bearings is in- 
ated. A theoretical stability analysis is carried out and is 
-ked experimentally for two-bearing applications. 
From author’s summary by B. A. Boley, USA 


3461. Lee, J. C., Analysis of partial journal bearings under 
steady loads, ASME-ASLE Lubrication Conf., Indianapolis, Ind., 
5. Pap. 55-LUB-1, 11 pp. + 13 tigs. 
\uthor analyzes partial journal bearing characteristics with zero 
ikage. Two operating conditions are defined. In one, flow 

juate to Maintain a positive pressure distribution over the 
earing arc. In the other, the flowis such that, downstream 
naximum pressure position, the pressure is negative, lead- 
} rupture or cavitation of the film. Aside from the condition 
the pressure at film inlet and outlet edges equals atmospheric, 
nolds equation in the latter case must satisfy the additional 


oundary condition that the pressure gradient at the film exit is 


il results are presented in terms of a composite graph of fric- 
tor, load factor, flow factor, and lubricant film exit angle 
nctions of eccentricity and inlet film angle. Graph shows that 
entricities greater than 0.95, load factor is essentially in- 
ent of bearing arc due to pressure concentration within a 

irc around minimum film thickness position. 


\nalysis includes application of results to evaluation of starved 


Letters to 


3464. Concerning AMR 9, Rev. 1134 (April 1956): Vagas, I., 


Proof of model laws for decanting basins (in Hungarian), the bibli- 


graphical heading should be: HidrGlogiai K6z/ény 35, 9/10, 327- 
. Get. 195%. 


The editors regret this error. 


3465. Re AMR 8, Rev. 2845 (September, 1955): Kramer, J. J., 


and Stanitz, J. D., Prediction of losses induced by angle of attack 
incascades of sharp-nosed blades for incompressible and subsonic 
compressible flow, NACA TN 3149, 45 pp., Jan. 1955. 


-“ 


I 


che fact that we are working in regions where sight and touch 


he assumption that the resultant force on the blade is normal to 





bearing operation for cavitating flow. In this case the flow factor 
is independent and the inlet film angle is dependent. 
H. E. Brandmater, USA 

3462. Wilcock, D. F., Predicting performance of starved bear- 
ings, ASME-ASLE Lubrication Cont., Indianapolis, Ind., Oct. 1955. 
Pap. 55-LUB-9, 9 pp. + 9 figs. 

Based on data supplied by author and other investigators, paper 
presents a procedure for determining performance of starved bear 
ings (wick feed, oil ring feed, single hole feed, etc.). Curves of 
eccentricity, attitude angle, oil-flow coefficient, and power-loss 
coefficient as functions of Sommerfeld number and oil-film arc 
length, which are required for the procedure, are given for a length- 
to-diameter ratio of 0.5. 

Example is presented for a bearing fed by a single oil hole. 
Comparison with bearing of same dimensions having two axial feed 
grooves at 90° and 270° shows that starved bearing operates 40% 
hotter. 

Graphical solution is also presented to predict time to failure 
after oil feed is completely cut off. Reviewer notes that cumber- 
some graphical differentiation required may be avoided by changing 
independent variable from eccentricity to oil-tlow coefficient. 

H. E. Brandmaier, USA 

3463. Izawa, M., A study on the running friction of ball bearing, 
J. sct. Res. Inst. Tokyo 49, 310-317, Dec. 1955. 

Paper deals with losses in lubricated ball bearings. Experi- 
mental measurements of temperature and friction torque are made 
on 20-mm and 35-mm bore bearings at several loads and speeds 
with three different oils, drop-fed at 1 to 2 cc/min. Eiapirical re- 
lation is deduced from data relating friction torque to radial load, 
number and size of balls, radial clearance, ball pocket clearance, 
oil viscosity, and speed. 

Reviewer would hesitate to apply empirical equation to situation 
much different from that utilized in tests. Neither effect of ratio 
of ball radius to transverse radius nor oil flow rate has been de 
termined. From practical use standpoint, relation is difficult to 
apply since equilibrium temperature is unknown. 


J. B. Bidwell, USA 


the Editor 


the blade direction is made in order to detezmine the maximum loss 
incurred across the blade row. This assumption must, of course, 
differ trom the standard potential flow theory because the potential 
tlow is isentropic. If the blade force were assumed to be the same 
as that for potential flow, the computed loss would be zero. 

The assumption that the deviation angle is the same tor potential 
flow as for viscous flow is not made in the report. The deviation 
angle for potential flow through a cascade of flat plates is intro- 
duced only as a sidelight in order to give some idea of the trend 
and order of magnitude of the effect of the deviation angle for flow 


of a real fluid. J. J. Kramer and J. D. Stanitz, USA 


Books Received for Review 


GERARD, G., Minimum weight analysis of compression struc- 
Ss, New York, New York University Press, 1956, xiv + 194 pp. 


Vit 


(, A., Abacs or nomograms; an introduction to their theory 


‘ic construction illustrated by examples from engineering and 


"ysics, New York, Philosophical Library, Inc.; London, Iliffe & 
ns I.td., 1956, ix + 225 pp. $12. 
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Y GOLDING, FE. W., The generation of electricity by wind power, 
New York, Philosophical Library, Inc., 1956, xvi + 318 pp. $12. 


HOHENBERG, F., Konstruktive Geometrie fiir Techniker, Vienna, 
>? 


Springer-Verlag, 1956, viii + 272 pp. $5.25. 
LALESCU, T., Introducere la Teoria Ecuatiilor Integrale, Bu- 
caresti, Editura Academiei Republicii Populare Romine, 1950, 


131 pp. Lei 5.90. 








OSTROWSKI, A., Vorlesungen Uber Differential-und Integralrech- TOLKE, F., Verdffentlichungen zur Erforschung der Drunks:.. 
nung. Hid. HI: Integralrechnung auf dem Gebiete mehrerer Variablen, probleme in Wasserkraftanlagen und Rohrleitungen, Berlin, Springes 


Basel, Verlag Birkhauser, 1954, 475 pp. Verlag, 1956, v + 149 pp. DM 37.50. 









_/ TRANTER,C. J., Integral transforms in mathematical phys). 
PATRAULEA, N.N., Aerodinamica Suprafetelor Permeabile, Bu- ¥ 2nd ed., New York, John Wiley & Sons, Inc., 1956, ix 4 133 ae 
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